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© Apparatus for detecting purification factor of catalyst in catalytic converter of internal combustion 
engine. 



© Deterioration of a catalyst of a catalytic converter 
(15) of an internal combustion engine is detected, 
during negative feedback control of the air-fuel ratio 
based on an output signal from at least one of a pair 
of O2 sensors (16, 18) disposed respectively up- 
stream and downstream from the catalyst in the 
exhaust system. The detection is executed after 
changing the feedback period, which is the period of 
alternation of a feedback correction coefficient used 
to control the fuel injection quantity, with the change 



in period being such as to provide improved accu- 
racy of detection of catalyst deterioration. The 
change may consist of a single step change, in 
which the feedback period is set to a specific pre- 
determined value at which the output signal am- 
plitude from the downstream sensor, or the phase 
difference between the two sensor output signals, 
should be within predetermined limits if the catalyst 
is in satisfactory condition. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an apparatus 
for detecting the purification factor of a catalyst of a 
catalytic converter used in an internal combustion 
engine. The quantity "purification factor", as used 
herein is a measure of the effectiveness of the 
catalyst in removing pollutants from the exhaust 
gas of the engine. 

2. Description of the Related Art 

Various types of apparatus for detecting the 
purification factor of a catalyst have been proposed 
in the prior art (where the term "detecting" as used 
herein can signify an operation for judging whether 
the purification factor is above a predetermined 
reference value, or an operation for actually mea- 
suring the purification factor). For example, an ap- 
paratus has been proposed which has a pair of O2 
sensors disposed in the exhaust system of an 
internal combustion engine, respectively upstream 
and downstream from the catalytic converter, with 
the purification factor of the catalyst in that catalytic 
converter being detected based on a response 
delay of these O2 sensors. Such a system is de- 
scribed for example in Japanese Patent Laid-open 
No. 51-55818. 

An apparatus is also known in the prior art (for 
example as described in Japanese Patent Laid- 
open No. 49-109721) in which a decision is made 
as to whether or not deterioration of the catalyst 
has occurred, based on an output value produced 
from an 0 2 sensor that is disposed downstream 
from the catalytic converter, or based on a relation- 
ship between output values that are produced from 
two O2 sensors that are disposed respectively up- 
stream and downstream from the catalytic con- 
verter. 

In controlling the air-fuel ratio of an internal 
combustion engine, in order to bring the actual air- 
fuel ratio close to a stoichiometric value of air-fuel 
ratio, a method is now widely utilized whereby the 
duration of the fuel injection time intervals is 
changed by negative feedback control in accor- 
dance with output values produced from an O2 
sensor which is disposed in the exhaust system. 
Specifically, a value for the injection interval dura- 
tion, which determines a fuel injection quantity, is 
computed based on the rate of air intake and the 
engine speed, and that fuel injection quantity is 
corrected by an air/fuel ratio feedback correction 
coefficient which is derived based on an output 
signal produced from the O2 sensor. Thus, nega- 
tive feedback control of the fuel injection time inter- 
val duration is achieved. In the following, the term 



air-fuel ratio feedback correction coefficient will be 
abbreviated to F/B correction coefficient. 

Basically, when the O2 sensor output indicates 
a lean condition of the air-fuel ratio, the feedback 

5 correction coefficient is changed in a direction ten- 
ding to increase the fuel injection interval duration, 
whereas when the O2 sensor output indicates a 
rich condition of the air-fuel ratio, the F/B correction 
coefficient is changed in a direction tending to 

70 decrease the fuel injection interval duration. As a 
result of that feedback control, as viewed from the 
micro aspect, the actual air-fuel ratio varies periodi- 
cally about a central value which is the 
stoichiometric air-fuel ratio, while as viewed from 

75 the macro aspect, the actual air-fuel ratio is brought 
close to the stoichiometric air-fuel ratio. The fre- 
quency of that variation, i.e. the frequency of vari- 
ation of the F/B correction coefficient (which is 
basically identical to the frequency of variation of 

20 the output signal from the O2 sensor) will be re- 
ferred to as the feedback frequency, and the cor- 
responding period as the feedback period. 

As shown in Fig. 2, in the case of a normal 
value of frequency (for example, 1.5 Hz) of the 

25 output signal from the O2 sensor that is disposed 
upstream from the catalytic converter in the ex- 
haust system, and is designated as the "front" 0 2 
sensor , the waveform of the output from the 0 2 
sensor that is located downstream from the cata- 

30 lytic converter, designated as the "rear" O2 sensor, 
successively changes as shown in diagrams (a), 
(b), (c) and (d) of Fig. 2, in accordance with lower- 
ing of the purification factor, as the catalyst deterio- 
rates. That is to say, when the catalyst is new (e.g. 

35 the purification factor is 98%) then as shown in 
diagram (a), the output signal from the rear O2 
sensor varies slowly in amplitude between a high 
level which corresponds to a rich value of air-fuel 
ratio and will be referred to in the following simply 

40 as the "rich condition" of that signal, and a low 
level which corresponds to a lean value of air-fuel 
ratio and will be referred to in the following simply 
as the "lean condition" of that signal. The signal 
exhibits large-amplitude changes whose timings 

45 are unrelated to the frequency of the output signal 
from the front O2 sensor, i.e. are unrelated to the 
feedback frequency. When the catalyst has slightly 
deteriorated (e.g. the purification factor is 96%) 
then as shown in diagram (b), the amplitude of the 

50 output signal from the rear O2 sensor becomes 
small, however the changes between the rich and 
lean conditions of the output signal from the rear 
O2 sensor are still unrelated to the frequency of the 
output signal from the front O2 sensor. As deterio- 

55 ration of the catalyst proceeds (e.g. when the pu- 
rification factor falls to 80%) then as shown in 
diagram (c), the output signal from the rear O2 
sensor still varies overall with a long period of 
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variation, but with the high-frequency waveform of 
the output signal from the front O2 sensor superim- 
posed upon that variation. When the deterioration 
of the catalyst reaches a stage such that the pu- 
rification factor falls to 50% then as shown in 
diagram (d) the outputs from the rear O2 sensor 
and front O2 sensor are substantially identical in 
waveform. 

Judgement of deterioration of the catalyst 
based on the output signal waveforms from the 
upstream and downstream O2 sensors will now be 
considered. As shown in Fig. 3, if the frequency of 
changeoever between the rich and lean conditions 
of the output signal from the front O2 sensor is 
relatively long, e.g. 0.7 Hz, then the waveforms of 
the outputs from the front and rear O2 sensors will 
become almost identical, even if substantial cata- 
lyst deterioration has occurred. In the prior art, 
detection of catalyst deterioration has been based 
on the ratio of the frequencies of the outputs from 
the front O2 sensor and rear O2 sensor, or the ratio 
of the amplitudes of these outputs. However in 
many cases, throughout the operating life of the 
catalyst, the frequency of the output signal from 
the front O2 sensor gradually decreases from an 
initially relatively high value (e.g. 1.5 Hz). If that 
frequency becomes substantially low (e.g. reaches 
approximately 0.7 Hz), then it can be understood 
from Fig. 3 that it will become impossible to dis- 
criminate between purification factor values of, for 
example, 80% and 50%, since the waveforms of 
the output signals from the front and rear O2 sen- 
sors will be substantially identical, irrespective of 
the degree of catalyst deterioration. That is clear 
from the contents of the tables in Fig. 4, which 
show examples of specific values for the frequency 
ratio r and the amplitude ratio A of the output 
signals from the front and rear sensors, at feedback 
frequency values of 0.5 Hz and 1 .5 Hz, for the case 
of 80% and 50% purification factor values. 

Thus, it has not been possible to achieve a 
sufficiently high accuracy of judging the state of 
deterioration of the catalyst of a catalytic converter 
of an internal combustion engine, in the prior art. 

SUMMARY OF THE INVENTION 

It is an objective of the present invention to 
provide an improved apparatus and method for 
executing detection of catalyst deterioration, in an 
internal combustion engine system having a cata- 
lytic converter and a pair of O2 sensors which are 
disposed in the exhaust system of the engine re- 
spectively upstream and downstream from the 
catalytic converter. 

To achieve that objective, an apparatus and 
method according to the present invention is based 
upon changing the feedback period during a cata- 
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lyst deterioration detection operation to a value 
which is different from the feedback period that 
occurs during normal air-fuel ratio control opera- 
tion. One method of changing the feedback period, 

5 according to the present invention, is to set that 
period to a predetermined value such as to ensure 
optimum accuracy of detecting the purification fac- 
tor, i.e. accuracy of determining whether the pu- 
rification factor is above a certain reference level or 

10 accuracy of measuring the value of the purification 
factor. The purification factor can be judged by 
detecting whether the amplitude of the output sig- 
nal from the downstream O2 sensor reaches a 
predetermined threshold voltage (i.e. which should 

75 not be reached, for the case of that predetermined 
value of feedback period, if the catalyst is still in a 
satisfactory condition). Alternatively, the purification 
factor can be judged on the basis of a measured 
value of phase difference between the output sig- 

20 nals from the upstream and downstream 0 2 sen- 
sors. 

A second method of altering the feedback pe- 
riod during a catalyst deterioration detection opera- 
tion, according to the present invention, is to 

25 change the feedback period by successive small 
amounts, and to detect when the amplitude of the 
output signal from the downstream O2 sensor 
reaches a predetermined threshold voltage. The 
value of feedback period at which that threshold 

30 voltage is reached is then measured, and the pu- 
rification factor of the catalyst can then be obtained 
based on a known relationship between values of 
purification factor and values of feedback period at 
which the threshold voltage is reached. 

35 More specifically, according to a first aspect 

the present invention provides, in an internal com- 
bustion engine having a catalytic converter contain- 
ing a catalyst disposed in an exhaust system of the 
engine, and first and second oxygen sensors re- 

40 spectively disposed upstream and downstream 
from said catalyst within said exhaust system, said 
first and second oxygen sensors producing respec- 
tive output signals, each signal selectively indicat- 
ing rich and lean air-fuel ratio conditions, a catalyst 

45 purification factor detection apparatus comprising: 
feedback correction means responsive to at 
least said output signal from said first oxygen sen- 
sor for obtaining successive values of a feedback 
correction coefficient which is applied to control a 

50 fuel injection quantity of said internal combustion 
engine, said successive values changing periodi- 
cally, with a feedback period, between a condition 
for producing an increase in said fuel injection 
quantity and a condition for producing a reduction 

55 of said fuel injection quantity; 

feedback correction coefficient control means 
functioning during an operation for judging a pu- 
rification factor of said catalyst, for changing said 

3 
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feedback period to a different value from a feed- 
back period which occurs during a normal air-fuel 
ratio control condition; and 

detection means for judging said purification 
factor, based at least on said output signal from 
said second oxygen sensor. 

According to a second aspect, the apparatus 
further comprises means for deriving from said 
output signal from said first oxygen sensor a cor- 
responding first air-fuel ratio signal which goes to 
first and second fixed levels in accordance with a 
rich and a lean air-fuel ratio respectively, means for 
deriving from said first air-fuel ratio signal a second 
air-fuel ratio signal wherein each transition between 
said first and second levels is delayed by a spe- 
cific amount with respect to a corresponding transi- 
tion of said first air-fuel ratio signal, with a period of 
alternation of said second air-fuel ratio signal defin- 
ing said feedback period. 

According to a third aspect, the apparatus fur- 
ther comprises means for changing said amount of 
delay by a delay operational quantity, for thereby 
implementing said changing of said feedback pe- 
riod to a different value during an operation of 
purification factor judgement. 

According to a fourth aspect, said feedback 
period is changed to a predetermined target value, 
and said feedback correction coefficient control 
means comprises means for deriving a requisite 
value for said delay operational quantity, including 
means for measuring a current value of said feed- 
back period, means for calculating a frequency 
difference between said current value and sajd 
target value of feedback period, and means for 
deriving said value of additional amount of delay 
based on said frequency difference and a predeter- 
mined relationship between values of said feedback 
period and amounts of delay applied to said first 
air-fuel ratio signal for obtaining said second air- 
fuel ratio signal. 

According to a fifth aspect, the said target 
value of feedback period is selected to be longer 
than a value of feedback period which occurs dur- 
ing a normal emission control operating condition 
of said engine, and to be within a range of values 
of feedback period which do not result in a lower- 
ing of emission control quality. 

According to a sixth aspect, said target value is 
determined based on a current rate of flow of 
intake air to said engine. 

According to a seventh aspect, said feedback 
correction coefficient control means functions to 
increase said feedback period to a predetermined 
target value during said operation for purification 
factor judgement, and said detection means func- 
tions to detect whether an amplitude variation of 
said output signal from said second oxygen sensor 
reaches a predetermined threshold value. 



According to an eighth aspect, said feedback 
correction coefficient control means functions to 
increase said feedback period by successive spe- 
cific small amounts during said operation for pu- 

5 rification factor judgement, and said detection 
means functions to detect a value of feedback 
period at which a variation amplitude of said output 
signal from said second oxygen sensor reaches a 
predetermined threshold value, and to compare 

io said feedback period value with a predetermined 
reference feedback period value. 

According to a ninth aspect, said feedback 
correction coefficient control means functions to 
increase said feedback period to a predetermined 

75 target value of feedback period during said opera- 
tion for purification factor judgement, and said de- 
tection means functions to measure a value of 
phase difference between said output signals from 
the first and second oxygen sensors, and to obtain 

20 a value of purification factor of said catalyst from 
said phase difference value, based upon a pre- 
determined relationship between respective values 
of said phase difference and purification factor at 
said target value of feedback period. 

25 According to a tenth aspect, said phase dif- 

ference value is measured by said detection means 
as a time difference between a transition between 
conditions of said output signal from the first oxy- 
gen sensor indicating a rich air-fuel ratio and a lean 

30 air-fuel ratio respectively, and a corresponding tran- 
sition of said output signal from the second oxygen 
sensor. 

According to an eleventh aspect, said phase 
difference value is measured as an average value 

35 of time interval (T RL + T LR )/2 f where T RL is a time 
difference between a point at which said feedback 
correction coefficient changes from a condition for 
producing an increased value of said fuel injection 
quantity to a condition for producing a decreased 

40 value of said fuel injection quantity to a point at 
which said output signal from the second oxygen 
sensor changes from a condition indicating a rich 
air-fuel ratio to a condition indicating a lean air-fuel 
ratio, and T LR is a time difference between a point 

45 at which said feedback correction coefficient 
changes from a condition for producing a de- 
creased value of said fuel injection quantity to a 
condition for producing an increased value of said 
fuel injection quantity and a point at which said 

so output signal from the second oxygen sensor 
changes from a condition indicating a lean air-fuel 
ratio to a condition indicating a rich air-fuel ratio. 

According to a twelfth aspect, the invention 
provides a catalyst purification factor detection ap- 

55 paratus for an internal combustion engine, compris- 
ing: 

a catalytic converter containing a catalyst, dis- 
posed in an exhaust system of said internal com- 
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bustion engine, and first and second oxygen sen- 
sors respectively disposed upstream and down- 
stream from said catalyst within said exhaust sys- 
tem, said first and second oxygen sensors produc- 
ing respective output signals, each signal selec- 
tively indicating rich and lean air-fuel ratio con- 
ditions; 

feedback correction means responsive to at 
least said output signal from said first oxygen sen- 
sor for obtaining successive values of a feedback 
correction coefficient which is applied to control a 
fuel injection quantity of said internal combustion 
engine, transitions of said values occurring periodi- 
cally, with a feedback period, between a condition 
for producing an increase in said fuel injection 
quantity and a condition for producing a reduction 
of said fuel injection quantity, said correction 
means including means for delaying said transi- 
tions by a specific amount with respect to cor- 
responding transitions of said output signal from 
the first oxygen sensor between said rich and lean 
indication conditions; 

feedback correction coefficient control means 
functioning during an operation for judging a pu- 
rification factor of said catalyst, for changing said 
feedback period from a value of feedback period 
which occurs during a normal emission control 
condition to a target feedback period, by changing 
said delay amount by a delay operational quantity; 
and 

detection means for judging said purification 
factor, based at least on said output signal from 
said second oxygen sensor. 

According to a thirteenth aspect, said correc- 
tion means includes means for measuring a current 
value of said feedback period, means for comput- 
ing an amount of difference between said target 
feedback period and said current feedback period, 
and means for obtaining an appropriate value for 
said delay operational quantity based on said dif- 
ference and upon a known relationship between 
values of delay applied to said transitions of the 
output signal from the first oxygen sensor and 
corresponding values of feedback period. 

According to a fourteenth aspect, said feed- 
back correction means includes means for execut- 
ing each of said periodic changes of said feedback 
correction coefficient as a stepwise change in ac- 
cordance with a predetermined skip quantity. 

According to a fifteenth aspect, the invention 
provides a catalyst purification factor for an internal 
combustion engine, comprising: 

a catalytic converter containing a catalyst, dis- 
posed in an exhaust system of said internal com- 
bustion engine, and first and second oxygen sen- 
sors respectively disposed upstream and down- 
stream from said catalyst within said exhaust sys- 
tem, said first and second oxygen sensors produc- 
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ing respective output signals, each signal selec- 
tively indicating rich and lean air-fuel ratio con- 
ditions; 

feedback correction means responsive to at 
s least said output signal from said first oxygen sen- 
sor for obtaining successive values of a feedback 
correction coefficient which is applied to control a 
fuel injection quantity of said internal combustion 
engine, transitions of said values occurring periodi- 
10 cally, with a feedback period, between a condition 
for producing an increase in said fuel injection 
quantity and a condition for producing a reduction 
of said fuel injection quantity, said correction 
means including means for delaying said transi- 
75 tions by a specific amount with respect to cor- 
responding transitions of said output signal from 
the first oxygen sensor between said rich and lean 
indication conditions; 

feedback correction coefficient control means 
20 functioning during an operation for judging a pu- 
rification factor of said catalyst, for increasing said 
feedback period from a value of feedback period 
which occurs during a normal emission control 
condition to a target feedback period, by changing 
25 said delay amount by a predetermined delay oper- 
ational quantity that is determined based on a 
difference between said target feedback period and 
a current value of feedback period; and 

detection means for measuring a value of 
30 phase difference between said output signals from 
the first and second oxygen sensors, for obtaining 
a value of purification factor of said catalyst from 
said phase difference value, based upon a pre- 
determined relationship between respective values 
35 of said phase difference and purification factor at 
said target value of feedback period, and for com- 
paring said obtained value of purification factor with 
a reference value of purification factor. 

According to a sixteenth aspect the invention 
40 provides, in an internal combustion engine having a 
catalytic converter containing a catalyst disposed in 
an exhaust system of the engine, a first oxygen 
sensor and a second oxygen sensor disposed in 
said exhaust system respectively upstream and 
45 downstream from said catalyst, and means for ex- 
ecuting negative feedback control of an air-fuel 
ratio of said engine based upon at least an output 
signal produced from said first oxygen sensor by 
deriving successive values of a feedback correction 
so coefficient which is applied to control a fuel injec- 
tion quantity of said engine, said values varying 
periodically with a feedback period between a con- 
dition for increasing said fuel injection quantity and 
a condition for decreasing said fuel injection quan- 
55 tity, a method of detecting a purification factor of 
said catalyst, comprising steps of: 

changing said feedback period to a value that 
is different from a feedback period which occurs 

5 
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during a normal air-fuel ratio control mode of op- 
eration; and 

detecting said purification factor, on the basis 
of a condition of at least an output signal produced 
from said second oxygen sensor. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a conceptual block diagram of the 
overall configuration of a catalyst purification 
factor deterioration detection apparatus accord- 
ing to the present invention: 
Fig. 2 shows a relationship between the output 
signal amplitude from a downstream 0 2 sensor 
and different values of catalyst purification fac- 
tor; 

Fig. 3 shows relationships between output signal, 
waveforms from an upstream O2 sensor and a 
downstream 0 2 sensor, at different values of 
feedback period and different values of purifica- 
tion factor; 

Fig. 4 shows a table of values of ratio between 
output signal amplitude values from an upstream 
and a downstream O2 sensor, at different values 
of feedback period and different values of pu- 
rification factor, and a table of values of ratio 
between output signal frequency values from an 
upstream and a downstream O2 sensor, at dif- 
ferent values of feedback period and different 
values of purification factor; 
Fig. 5 is a characteristic which relates emission 
control quality and feedback period; 
Fig. 6 shows the overall configuration of an 
embodiment of a catalyst purification factor de- 
tection apparatus, equipped in an internal com- 
bustion engine; 

Figs. 7, 8 constitute a flow chart of a program 

routine which is executed by a computer in the 

embodiment of Fig. 6, for computing successive 

values of a F/B correction coefficient; 

Fig. 9 is a timing diagram for describing the 

operation of the routine of Figs. 7, 8; 

Figs. 10, 11 constitute a flow chart of a routine 

which is executed for computing values of time 

delay which are applied in the routine of Figs. 7, 

8 to the values of F/B correction coefficient; 

Fig. 12 is a timing diagram for describing the 

operation of the routine of Figs. 10, 11; 

Fig. 13 is a flow chart of a routine which is 

executed for computing values of fuel injection 

quantity; 

Figs. 14, 15 constitute a flow chart of a routine 
which is executed for computing the respective 
values of amplitude and period of output signals 
produced from the upstream O2 sensor and 
downstream O2 sensor; 

Fig. 16 is a timing diagram for describing count- 
ing and flag setting operations that are executed 
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in the flow chart of Figs. 14, 15; 
Fig. 17 is a flow chart of a routine which is 
executed for detecting whether or not the output 
signal from the downstream O2 sensor is above 

5 a predetermined threshold voltage level; 

Fig. 18 is a flow chart of a routine which is 
executed for detecting catalyst deterioration 
based on the detection result obtained in the 
flow chart of Fig. 17; 

10 Fig. 19 shows a characteristic relationship be- 
tween values of delay time which are applied to 
the F/B correction coefficient and corresponding 
values of feedback period; 

Fig. 20 shows characteristic relationships be- 
75 tween values of output signal amplitude from the 
downstream O2 sensor and values of catalyst 
purification factor, for different values of feed- 
back period; 

Fig. 21 is a flow chart of a routine which is 
20 executed for detecting catalyst deterioration, ac- 
cording to a second embodiment of the present 
invention; 

Fig. 22 shows characteristic relationships be- 
tween values of output signal amplitude from the 
25 downstream O2 sensor and values of feedback 
period, for different values of catalyst purification 
factor; 

Figs. 23, 24, 25 constitute a flow chart of a 
routine which is executed for measuring an 
30 amount of phase difference between output sig- 
nals from the upstream O2 sensor and the 
downstream O2 sensor; 

Fig. 26 is a flow chart of a routine which is 
executed for detecting catalyst deterioration 

35 based on values of phase difference detected in 
the routine of Figs. 23, 24, 25, according to a 
third embodiment of the present invention; 
Fig. 27 shows characteristic relationships be- 
tween values of output signal amplitude from the 

40 downstream 0 2 sensor and values of catalyst 
purification factor, for two different values of 
feedback period; and 

Fig. 28 is a timing diagram for illustrating a 
second method of obtaining measured values of 
45 phase difference, for use in detecting the cata- 
lyst purification factor. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

so Before describing specific embodiments of the 

present invention, some general principles of the 
invention will be briefly described. The present 
invention is applicable to an internal combustion 
engine having a catalytic converter, and a pair of 

55 and a pair of O2 sensors which are disposed in the 
exhaust system respectively upstream and down- 
stream from the catalytic converter. With the 
present invention, during an operation to detect the 

6 
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purification factor of the catalyst in the catalytic 
converter, i.e. to detect the degree of deterioration 
of the catalyst, the feedback frequency (which can 
be considered identical to the frequency of the 
output signal from the upstream O2 sensor) is 
forcibly changed by a substantial amount. With the 
present invention, that frequency can be set to a 
specific predetermined value, during the catalyst 
purification factor detection operation. As will be 
described in detail in the following with reference to 
the embodiments, such a change in the feedback 
frequency enables a the purification factor to be 
reliably and accurately detected, which has not 
been possible with prior art methods of detection in 
which the feedback frequency is left unchanged 
from the frequency that exists during normal air- 
fuel ratio control. 

With the embodiments of the present invention 
described hereinafter, transitions of the F/B correc- 
tion coefficient between a condition for producing 
an increase in the fuel injection interval and a a 
condition for producing a reduction of the fuel 
injection interval are obtained by delaying the tran- 
sitions between the lean and rich conditions and 
the transitions between the rich and lean conditions 
of the output signal from the upstream O2 sensor 
by respective delay amounts, which are calculated 
on the basis of the output signal from the down- 
stream O2 sensor. One method of changing the 
feedback frequency (i.e. to set that frequency to a 
predetermined value during a catalyst purification 
factor detection operation as described above) is to 
change each of these delay amounts by an iden- 
tical amount, referred to in the following as a delay 
operational quantity. We have found, that there is a 
predictable, substantially linear relationship be- 
tween changes in that delay amount and resultant 
changes in the feedback frequency, as shown in 
Fig. 19. 

Hence, with a first method of catalyst purifica- 
tion factor detection according to the present inven- 
tion, the feedback frequency is set to a specific 
predetermined value (which can differ substantially 
from the feedback frequency during normal air-fuel 
ratio control) during a catalyst purification factor 
detection operation, by first measuring the current 
value of feedback frequency (during normal air-fuel 
ratio control operation), to thereby determine the 
amount of frequency change that is necessary, and 
then obtaining the required amount of change in 
delay that will produce the desired amount of fre- 
quency change. When that change in delay is then 
executed, with air-fuel ratio feedback control in 
operation, the requisite change in the feedback 
frequency will be obtained. The purification factor 
of the catalyst can then be judged by determining 
whether the amplitude of the output signal from the 
downstream O2 sensor exceeds a predetermined 



level (since there is a known relationship between 
the amplitude of the output signal from the down- 
stream O2 sensor and the purification factor of the 
catalyst, at a specific predetermined feedback fre- 
5 quency). 

A second method of detecting the catalyst pu- 
rification factor is to change the feedback frequen- 
cy by executing successive small increases in the 
aforementioned delay operational quantity. With 
io one embodiment of the present invention described 
hereinafter, such successive small increases, which 
produce corresponding successive small changes 
in the feedback period are executed during a cata- 
lyst purification factor detection operation until the 

75 output signal level from the downstream O2 sensor 
exceeds a predetermined level. Since there is a 
known relationship between values of purification 
factor and values of feedback period at which that 
threshold level is exceeded, the catalyst purification 

20 factor can thereby be measured. That is to say, the 
degree of catalyst deterioration is judged on the 
basis of the amplitude of the output signal from the 
downstream O2 sensor. The feedback period (and 
hence the period of the output signal from the 

25 upstream O2 sensor) is successively changed until 
the amplitude of the output signal from the down- 
stream O2 sensor reaches a predetermined thresh- 
old value, (for example, 0.7 V), which corresponds 
to a reference value of purification factor that is 

30 used to for catalyst deterioration judgement. 

A third method of catalyst purification factor 
detection according to the present invention is to 
obtain the phase difference between the output 
signals from the upstream O2 sensor and the 

35 downstream O2 sensor, at a specific predetermined 
feedback frequency. That is to say, judgement of 
the purification factor is based on a response delay 
difference between the output signals from the 
upstream O2 sensor and downstream O2 sensor, 

40 expressed as a phase difference T between these 
output signals. Fig. 27 shows the relationship be- 
tween the catalyst purification factor and the am- 
plitude of output signal voltage from the down- 
stream 0 2 sensor, for two different values of feed- 

45 back period. The period indicated as "short" cor- 
responds approximately to the feedback period 
during normal air-fuel ratio control operation. The 
broken-line portions indicate regions in which 
judgement cannot be achieved based on the phase 

50 difference, i.e. regions in which there is an exces- 
sive deviation between the periods of the outputs 
from the upstream O2 sensor and downstream 0 2 
sensor, so that the phase difference between these 
cannot be used for detection purposes. As will be 

55 clear from this diagram, if it is to be judged wheth- 
er or not the purification factor is approximately 
80% for example, then it will be necessary to 
increase the feedback period during the catalyst 
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deterioration judgement operation, e.g. from the 
"short" value to the "long" value. This can be 
achieved as described above referring to Fig. 19, 
by using the linear relationship between feedback 
period and delay time. 

As shown in Fig. 5, in the case of an internal 
combustion engine equipped with a catalytic con- 
verter, there is a specific relationship between the 
feedback period and the emission control quality of 
that converter (i.e. the degree to which exhaust gas 
pollutants are eliminated), whereby the emission 
control quality becomes lowered if the feedback 
period is increased beyond a certain range. 

Thus in order to optimize the emission control 
quality it is necessary for the feedback period to be 
limited to within that range 23. It is therefore possi- 
ble to increase the feedback period during a cata- 
lyst purification factor detection operation only up 
to a certain limit, e.g. to the period value indicated 
as "target" in Fig. 5. 

With the present invention, the feedback period 
can be changed from the period which occurs 
during normal air-fuel ratio control operation to 
such a specific target value. 

It can thus be understood that one basic fea- 
ture of the present invention is that during a cata- 
lyst purification factor detection operation, the feed- 
back period can be set to a specific predetermined 
value which is different from the feedback period 
which occurs during normal air-fuel ratio control 
operation. A known relationship between the am- 
plitude of the output signal from the downstream 
O2 sensor and the purification factor, or between 
the phase difference between the output signals 
from the upstream O2 sensor and the downstream 
O2 sensor, can then be used to accurately detect 
the purification factor, i.e. determine whether the 
degree of deterioration of the catalyst is within 
acceptable limits. Moreover, the target value of 
feedback period that is established during such a 
catalyst purification factor detection operation can 
be selected such as to optimize the accuracy of 
the detection. 

Fig. 1 is a conceptual block diagram for sum- 
marizing the basic features of an apparatus accord- 
ing to the present invention. This consists of first 
and second O2 sensors 3000 and 3002, which are 
positioned respectively upstream and downstream 
from a catalyst 3001 of a catalytic converter, within 
the exhaust system of an internal combustion en- 
gine. A feedback correction section 3003 is respon- 
sive to an output signal from the upstream 0 2 
sensor 3000 for controlling the duration of fuel 
injection intervals of the engine in accordance with 
successive values of a F/B correction coefficient 
which are produced therefrom, with these F/B cor- 
rection coefficient values varying periodically be- 
tween a condition causing increased fuel injection 



interval durations (i.e. for producing a more rich air- 
fuel ratio) and a condition causing decreased fuel 
injection interval durations (i.e. for producing a 
more lean air-fuel ratio). The period of these vari- 

5 ations of the F/B correction coefficient values is 
referred to as the feedback frequency. During a 
periodically executed operation for detecting dete- 
rioration of the catalyst 3001, the feedback fre- 
quency, i.e. the feedback period, is changed by a 

10 predetermined amount under the control of a pu- 
rification factor detection section 3005, which also 
judged a degree of deterioration of the catalyst 
3001, in accordance with a condition of the output 
signal that is produced from the second O2 sensor 

75 3002 during that condition of changed feedback 
period. 

It will be understood that each of the sections 
3003 to 3005 can be implemented, in a practical 
apparatus, by operations executed by a microcom- 

20 puter in accordance with specific programs. 

A first embodiment of the present invention will 
be described in the following. Fig. 6 is a diagram 
showing the overall configuration the first embodi- 
ment, applied to an internal combustion engine 

25 which powers a motor vehicle. In Fig. 6. an air flow 
meter 3 is disposed in an air intake passage 2 of 
the engine body 1 , for measuring the rate of intake 
air flow of the engine, and generates an analog 
output signal which is directly proportional to that 

30 rate of flow. That output signal is supplied to an 
analog-to-digital (A/D) converter 101 within a con- 
trol circuit 20, that control circuit being is based on 
a microcomputer which operates in accordance 
with a program which includes a plurality of pe- 

35 riodically executed routines, as described herein- 
fter. A distributor 9 has a shaft that is provided with 
a crank angle sensor 10, which generates a refer- 
ence position detection pulse signal at times which 
respectively correspond to points at which the 

40 crank angle of the internal combustion engine 
reaches 720°, and a crank angle sensor 11 which 
generates a reference position detection pulse sig- 
nal at times which respectively correspond to 30° 
positions of the crank angle. These pulse signals 

45 produced from the crank angle sensors 10 and 11 
are supplied to an input/output interface 102 of the 
control circuit 20, with the output signal from the 
crank angle sensor 10 being supplied to an inter- 
rupt input terminal of a CPU 103 of the control 

50 circuit 20. 

In addition, fuel injection valves 8 are also 
provided in the air intake passage 2, for supplying 
fuel under pressure, from the fuel supply system, 
to the intake ports of respective ones of the cyl- 

55 inders of the internal combustion engine. A water 
temperature sensor 13 is provided within the water 
jacket 12 of the cylinder block of the engine body 
1 , for detecting the cooling water temperature. The 
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cooling water temperature sensor 13 generates an 
analog voltage signal in accordance with the tem- 
perature THW of the cooling water, which is sup- 
plied to the A/D converter 101. 

A catalytic converter 15 containing three types 
of catalyst, for removing HC, CO and NOx pollu- 
tants simultaneously from the exhaust gas, is dis- 
posed in the exhaust system downstream from the 
exhaust manifold 1 4. 

A first 0 2 sensor (hereinafter referred to as the 
upstream 0 2 sensor) 16 is disposed upstream from 
the catalytic converter 15 in the exhaust manifold 
14, while a second 0 2 sensor (hereinafter referred 
to as the downstream 0 2 sensor) 18 is disposed in 
the exhaust pipe 1 7, downstream from the catalytic 
converter 15. The 0 2 sensors 16 and 18 generate 
respective output voltage signals in accordance 
with the concentrations of oxides in the exhaust 
gas. That is to say, the 0 2 sensors 16 and 18 
supply respectively different levels of output volt- 
age to the A/D converter 101 of the control circuit 
20, in accordance with whether the air-fuel ratio is 
relatively lean or relatively rich, in relation to the 
stoichiometric air/fuel ratio. 

In addition to the A/D converter 101 the control 
circuit 20 includes the I/O interface 102, a CPU 
103, a ROM 104, RAM 105, a back-up RAM 106, 
and a clock signal generating circuit 107, etc. The 
control circuit 20 also includes a down-counter 108, 
a flip-flop 109, and drive circuit 110, for controlling 
the fuel injection valves 8. During execution of a 
program routine described hereinafter, when a fuel 
injection quantity TAU is calculated, that quantity is 
preset into the down-counter 108. while at the 
same time the flip-flop 109 is set. As a result, the 
drive circuit 110 initiates activation of one of the 
fuel injection valves 8. The down counter 108 
counts successive pulses of a clock signal (not 
shown in the drawing) and when a final count value 
is reached, a carry output terminal of the down 
counter goes to the "1 " logic level, whereupon the 
FF 109 is reset and the activation of a valve 8 by 
the drive circuit 110 is terminated. Thus each of 
the fuel injection valves 8 is only activated during a 
time interval that corresponds to the aforemen- 
tioned fuel injection quantity TAU f so that an 
amount of fuel that is determined in accordance 
with that fuel injection quantity TAU is injected into 
a combustion chamber of the engine. 

An interrupt command is generated and sup- 
plied to the CPU 103 when a conversion operation 
by the A/D converter 101 has been completed, 
when a pulse signal from the crank angle sensor 
11 has been received by the I/O interface 102, 
when an interrupt signal generated by the clock 
signal generating circuit 107 is received, etc. 

In each occurrence of a periodically executed 
analog/digital conversion routine, intake air rate 
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data Q, from the air flow meter 3, and cooling water 
temperature data THW, are received by the control 
circuit 20 and are stored in a predetermined mem- 
ory area of the RAM 105. The data Q and data 
5 THW held in the RAM 105 are thereby updated at 
periodic intervals. In addition, an interrupt is gen- 
erated each time a 30° crank angle position is 
detected by the crank angle sensor 1 1 , whereupon 
rotational velocity data Ne are calculated and are 
io stored in a predetermined region of the RAM 105. 

Numeral 19 denotes an alarm, which is con- 
trolled by the CPU 103, and is activated to provide 
a warning indication to the driver of the vehicle 
when the catalytic converter 15 is judged to have 
75 deteriorated beyond a predetermined limit, i.e. 
when the purification factor of the catalyst has 
fallen below a fixed reference value. 

The operation of feedback control of air-fuel 
ratio will be described in the following. Firstly, the 
20 process of calculating the feedback correction co- 
efficient will be described. 

Figs. 7, 8 are a flow chart of an air-fuel ratio 
feedback control routine which, executed by the 
microcomputer of the control circuit 20, to compute 
25 successive values for the air/fuel ratio F/B correc- 
tion coefficient FAF1, based on the output signal 
from the upstream 0 2 sensor 16. That routine is 
executed at periodic 4 ms intervals. Fig. 9 is a 
timing diagram for illustrating the operations ex- 
30 ecuted in the flow chart. 

In step 901 a decision is made as to whether 
or not the closed-loop (feedback) air-fuel ratio con- 
ditions using the upstream 0 2 sensor 16 are estab- 
lished. At certain times the closed-loop conditions 
35 are not established, e.g. during engine start-up, 
during a fuel supply increase operation which fol- 
lows the engine start-up, during engine warm-up, 
during an increase in the engine power, during 
"lean control", i.e. an operating condition in which 
40 the engine is made to operate with an air-fuel ratio 
that is more lean than the stoichiometric ratio, or 
when the upstream 0 2 sensor 16 is in the inac- 
tivated state, etc. At any other times, the closed- 
loop conditions are satisfied. The judgment as to 
45 whether the upstream 0 2 sensor 16 is in the ac- 
tivated or non-activated state can be made by 
reading out the cooling water temperature data 
THW from the RAM 105, and judging whether or 
not THW is greater than or equal to 70° C, or by 
so judging whether or not the output signal from the 
upstream 0 2 sensor 16 has gone from a high to a 
low level at least once. If the closed-loop conditions 
are not satisfied, then operation advances to step 
917 in which the feedback correction coefficient 
55 FAF1 is made equal to 1.0. If the closed-loop 
conditions are found to be established, then opera- 
tion advances to step 902. 

In step 902, the input signal Vi from the up- 
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stream O2 sensor 16 is subjected to analog/digital 
conversion, and in step 903 a decision is made as 
to whether or not V1 is lower than a comparison 
threshold voltage V R1 , which can be for example 
0.45 V. That is to say, a judgment is made as to 
whether the air-fuel ratio is rich or lean. An air-fuel 
ratio signal A/F1 is thereby generated, which will 
be assumed to go a high level when the air-fuel 
ratio is rich, and to a low level when the air-fuel 
ratio is lean, as illustrated in diagram (a) of Fig. 9. 

If the air-fuel ratio is found to be lean (i.e. Vt £ 
V R1 ) then in step 904 the delay counter CDLY1 is 
decremented by one, and then in steps 905, 906, 
operations are executed to limit the minimum value 
of CDLY1 to TDR1 - TD, where. That minimum 
value TDR1 - TD will be referred to as a rich delay 
time, which serves to ensure that a decision that 
the engine is operating with a lean air-fuel ratio (as 
indicated by the output from the upstream O2 
sensor 16) will be maintained for a certain time, 
after the air-fuel ratio changes from the lean to the 
rich condition. TDR1 - TD is defined as a negative 
value. 

If the air-fuel ratio is judged to be rich (i.e. V1 > 
V R1 ), then operation advances to step 904 in which 
the delay counter CDLY1 is incremented by 1 , then 
in steps 908, 909 operations are executed to limit 
the count value of CDLY1 to TDL1 + TD. That 
maximum value TDL1 + TD will be referred to as 
a lean delay time, which is used to ensure that a 
judgement that the air-fuel ratio is lean will be 
maintained for a certain time, after the output signal 
from the upstream O2 sensor 16 has changed from 
a condition indicating the rich condition to the lean 
condition. TDL1 + TD is defined * as a positive 
value. 

TDR1 and TDL1 are respective delay amounts, 
updated values for which are calculated periodi- 
cally as described hereinafter. The operations de- 
scribed above can be understood more clearly 
from the timing diagram of Fig. 9, in which diagram 

(a) shows a first air-fuel ratio signal designated as 
A/F1 which is derived (e.g. by amplitude limiting) 
from the output signal of the upstream O2 sensor 
16, which goes to a first fixed (high) level to in- 
dicate a lean value of air-fuel ratio and to a second 
fixed (low) level to indicate a rich value of air-fuel 
ratio, and in which transitions between the rich and 
lean conditions are identical in timing to corre- 
sponding transitions of the output signal from the 
upstream O2 sensor 1 6. The variations of the count 
value of the counter CDLY1 are shown in diagram 

(b) of Fig. 9. Diagram (c) of Fig. 9 shows a second 
air-fuel ratio signal A/Fr which goes to the high 
(rich indication ) level when the counter CDL1 
changes from a negative to a positive count value, 
and goes to the low (lean indication) level when 
counter CDL1 changes from a positive to a nega- 



tive count value. It can be understood that the air- 
fuel ratio signal A/FV is substantially identical in 
period to the first air-fuel ratio signal A/F1, but is 
delayed with respect to that signal by an amount 
5 which is determined by the values of TDR1 and 
TDL1, and which is increased in accordance with 
the value of TD. 

TD is a quantity (which in the embodiments 
described herein is a positive value), which is ad- 

10 ded to both of the delay quantities TDL1 and 
-TDR1 during an operation for judging the catalyst 
purification factor, as shown in diagram (c) of Fig. 
9, for thereby changing the feedback period by a 
specific amount. TD will be referred to in the fol- 

75 lowing as the delay operational quantity. 

In step 910 of Fig. 8, a decision is made as to 
whether or not the sign of the first delay counter 
CDLY1 has been inverted. That is to say, a de- 
cision is made as to whether or not the air-fuel ratio 

20 has changed from rich to lean, or from lean to rich, 
after the delay processing. If the air-fuel ratio has 
been changed over, then in step 911 a decision is 
made as to whether or not the change has been 
from rich to lean, or from lean to rich. If the change 

25 has found to be from the rich to the lean condition, 
then in step 912 a stepwise increment is executed 
to change the value of the feedback correction 
coefficient, designated as FAF1, by a skip amount 
+ RS1, i.e. FAF1 - FAF1 + RS1. Thus there is a 

30 step change in the F/B correction coefficient value, 
towards a condition whereby the fuel injection inter- 
val will be increased. Conversely if the change has 
found to be from the lean to the rich condition, then 
in step 913 a stepwise decrement is executed to 

35 change the value of the F/B correction coefficient 
FAF1 by -RS1, i.e. FAF1 - FAF1 - RS1. THus 
there is a step change in the F/B correction coeffi- 
cient value, towards a condition whereby the fuel 
injection interval will be decreased. 

40 In step 910. if is found that the sign of the first 

delay counter CDLY1 has not been inverted, then 
integration processing is executed in steps 914, 
915 and 916. Specifically, in step 914 a decision is 
made as to whether or not CDLY1 < 0. If CDLY1 £ 

45 0 (i.e. the air-fuel ratio is lean) then step 915 is 
executed, in which the F/B correction coefficient 
FAF1 is incremented by KM, where KI1 is an 
integration constant which is substantially smaller 
than the skip amount RS1. That is, FAF1 — FAF1 

so + KM. If on the other hand CDLY1 > 0 (i.e. the 
air/fuel ratio is rich) then step 917 is executed, in 
which FAF1 is decremented by Kll, i.e. FAF1 - 
FAF1 Kll. Thus if the air-fuel ratio is found to be 
lean, then it will be moved towards the rich con- 

55 dition by successive executions of step 915, (i.e. 
when CDLY1 ^ 0), which causes the F/B correction 
coefficient FAF1 to be gradually increased, and 
hence causes the fuel injection quantity to be 
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gradually increased. Conversely if the air-fuel ratio 
is found to be rich, then it will be moved towards 
the lean condition by successive executions of step 
916, (i.e. when CDLY1 > 0), which causes the fuel 
injection quantity to be gradually decreased. 5 

The value of F/B correction coefficient FAF1 
which is established in one of the steps 912, 913, 
915, 916 or 917 is held within a minimum value of, 
for example, 0.8, and a maximum value of for 
example 1.2. As a result, if for some reason the 10 
value of the F/B correction coefficient FAF1 be- 
comes excessively large or excessively small, 
there is no danger that the air-fuel ratio of the 
engine will be controlled on the basis of that exces- 
sively large or small value, so that the air-fuel ratio 75 
is prevented from becoming excessively rich or 
lean. 

Each new value for the F/B correction coeffi- 
cient FAF1 that is calculated as described above is 
stored in the RAM 105, and execution of the rou- 20 
tine is terminated at step 918. 

It can be understood from the above that, as 
shown in diagram (a) of Fig. 9 when it is judged 
that the air-fuel ratio signal A/F1 indicates a rich 
condition, based on the output signal from the 25 
upstream O2 sensor 16, then the delay counter 
CDLY1 is incremented as shown in Fig. 9(B). Con- 
versely, if the signal A/F1 indicates a lean condition 
then the counter CDLY1 is decremented. As a 
result, as shown in diagram (c) of Fig. 9, the 30 
delayed air-fuel ratio signal A/FV is obtained. 

For example at the time point t1, the air/fuel 
ratio signal A/F1 changes from the lean to the rich 
indication state, so that the delay processed air/fuel 
ratio signal A/FV is held at the lean indication 35 
condition during an interval in which the air-fuel 
ratio is actually in the rich state, i.e. the interval 
-TDR1 + TD. The signal A/FV then changes to 
indicate the rich condition, at time point t2. Simi- 
larly, although the air-fuel ratio signal A/F1 changes 40 
from the rich to the lean indication condition at the 
time point t3, the delayed air-fuel ratio signal A/FV 
continues to indicate a rich condition, during a 
specific interval, i.e. the lean delay interval TDL1 + 
TD, and the signal A/FV only changes to indicate 45 
the lean condition at the time point t4. 

If the air-fuel ratio signal A/F1 becomes in- 
verted within an interval that is shorter than the rich 
delay interval (-TDR1 + TD), i.e. as occurs at each 
of the time points t5, t6 and t7 indicated in diagram 50 
(b), then it is necessary for a sufficient amount of 
time to elapse for the first delay counter CDLY1 to 
reach the reference count value of 0. Thus, the 
delay processed air-fuel ratio signal A/FV does not 
go to the rich indication state until the time point t8. 55 
It can thus be understood that the period of the 
delayed air-fuel ratio signal A/FV is made more 
stable than that of the air/fuel ratio signal A/F1 . The 



air-fuel ratio feedback correction coefficient FAF1 is 
then obtained, as shown in diagram (d) of Fig. 9 
based on that air-fuel ratio signal A/FV. 

A routine for correction of the F/B correction 
coefficient will be described in the following. 

In addition to the first type of air-fuel ratio 
control, based upon the output signal from the 
upstream O2 sensor 16 as described above, it is 
necessary to periodically correct the F/B correction 
coefficient that is obtained in that routine, with that 
correction being based on the output signal from 
the downstream O2 sensor 18, to thereby imple- 
ment a second type of air-fuel ratio control. Such a 
second type of air-fuel ratio control could consist of 
deriving a second air-fuel ratio F/B correction co- 
efficient FAF2, deriving respective values for the 
delay intervals -TDR1 and TDL1 as the first air-fuel 
ratio feedback control constants, deriving a value 
for the skip quantity RS1 (with in this case would 
actually consist of a rich skip quantity RS1R which 
is used in the case of a change from a lean to a 
rich air-fuel ratio, and a lean skip quantity RS1L 
which is used in the case of a change from a rich 
to a lean air-fuel ratio, with RS1R and RS1L being 
set mutually separately), deriving a value for the 
integration constant KM (which would actually con- 
sist of a rich integration constant KI1R which is 
used in the case of a change from a lean to a rich 
air-fuel ratio, and a lean integration constant KI1L 
which is used in the case of a change from a rich 
to a lean air-fuel ratio, with KI1R and KI1L being set 
mutually separately), or deriving a value for the 
comparison voltage V R1 of the output Vi from the 
upstream O2 sensor 1 6. 

If for example the rich delay interval (-TDR1 + 
TD) is set to a value that is greater than the lean 
delay interval (TDL1 + TD), then the controlled air- 
fuel ratio will move towards the rich condition. 
Conversely, if the lean delay interval (TDL1 + TD) 
is set to a value that is greater than the rich delay 
interval (-TDR1 + TD), then the controlled air-fuel 
ratio will move towards the lean condition. In that 
way, the air/fuel ratio is controlled by correcting the 
values of the delay time intervals -TDR1 + TD, 
TDL1 + TD in accordance with the output from the 
downstream O2 sensor 18. (The value of the delay 
operational quantity TD is zero during normal air- 
fuel ratio control operation, and is set to a specific 
value during a catalyst purification factor detection 
operation, as described hereinafter). 

Figs. 10, 11 show an example of a second air- 
fuel ratio feedback control routine for executing 
such correction of the F/B correction coefficient 
that is obtained by the first routine of Figs. 7, 8 
described above. The routine of Figs. 10, 11 pe- 
riodically calculates new values for the delay time 
intervals TDR1 and TDL1, based on the output 
signal from the downstream O2 sensor 18. This 
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routine is executed at intervals of one second. In 
step 1400 a decision is made as to whether or not 
judgement is in progress of deterioration of the 
catalyst, based on whether or not the delay oper- 
ational quantity TD is equal to 0 (since TD is set to 5 
a non-zero value only during a judgement opera- 
tion). In step 1401, as for step 901 of Figs. 7, 8, a 
decision is made as to whether or not the air-fuel 
ratio closed-loop conditions are established. 

If detection of deterioration of the catalyst is io 
currently in progress, or if the closed-loop con- 
ditions are not satisfied, then operation advances to 
step 1423 and 1424 in which fixedly predetermined 
values are set for the rich delay interval TDR1 and 
the lean delay interval TDL1. These can be set for 75 
example as: 

TDR1 — -12 (equivalent to 48 ms) 
TDL1 — 6 (equivalent to 24 ms) 

The reason for setting the rich delay interval 
TDR1 to a greater value than the the lean delay 20 
interval TDL1 is that the comparison voltage V R1 is 
set to a low value, for example 0.45 V, i.e. is set 
towards the lean side. 

If detection of deterioration of the catalyst is 
not currently being executed, and the closed-loop 25 
conditions are established, then operation ad- 
vances to step 1 402. 

In steps 1402 to 1409, operations correspond- 
ing to those of the steps 902 to 909 in Figs. 7, 8 
are executed. Specifically, a step 1403 is executed 30 
for judging whether the air-fuel ratio is rich or lean, 
and delay processing is executed in steps 1404 to 
1409 based on the results of that decision. The 
delay-processed rich or lean decision is made in 
step 1410. That is to say, in step 1410 a decision 35 
is made as to whether or not the count value of the 
second delay counter CDLY2 is less than or equal 
to 0. If CDLY2 ^ 0, then this is taken to indicate 
that the air-fuel ratio is lean, and operation ad- 
vances to step 1411 to 1416. On the other hand if 40 
it is found that CDLY2 > 0, then this is taken to 
indicate that the air-fuel ratio is rich, and operation 
advances to step 1417 to 1422. 

In step 1411, the value of the counter TDR1 is 
decremented by one, that is to say, the rich delay 45 
time interval (-TDR1) is increased, so that the 
change from the lean to the rich condition is further 
delayed, as the air-fuel ratio is moved towards the 
rich condition. In steps 1412, 1413, a minimum 
value T R1 is set for TDR1 . T R1 is a negative value, 50 
that is, (-T R1 ) signifies the maximum rich delay time 
interval. 

In step 1414, the counter value TDL1 is 
changed as TDL1 — TDL1 - 1, that is to say, the 
lean delay time interval TDL1 is reduced, so that 55 
the delay in a change from the rich to the lean 
condition is made smaller, as the air-fuel ratio is 
moved towards the lean condition. In steps 1415, 



1416, TDL1 is limited to a minimum value T Lll 
which is a positive value, so that T L1 signifies the 
minimum lean delay time interval. 

If it is judged in step 1410 that the air/fuel ratio 
is rich, then step 1417 is executed, i.e. TDR1 - 
TDR1 + 1. The rich delay interval (-TDR1) is 
thereby reduced, so that the delay in changing 
from the lean to the rich condition is made smaller, 
as the air/fuel ratio is moved toward the lean con- 
dition. In steps 1418, 1419, TDR1 is limited to a 
maximum value of TR2, which is a negative value, 
so that (-T R2 ) is the minimum rich delay interval. 

In step 1420, TDL1 is changed to TDL1 + 1, 
i.e. the lean delay interval TDL1 is increased, so 
that a change from the rich to the lean condition is 
further delayed, as the air-fuel ratio is moved to- 
wards the lean condition. In steps 1421, 1422, 
TDL1 is limited to a maximum value Ti_2, which is a 
positive value, so that T^ is a maximum lean delay 
interval. 

After values for TDR1 and TDL1 have been 
calculated as described above, these are stored in 
the RAM 105, then operation advances to step 
1425, and execution of the routine is terminated. 

In steps 1423, 1424, TDR1 and TDL1 are set to 
respective fixed values. However it would be equal- 
ly possible to set these to the respective values of 
TDR1 and TDL1 immediately prior to halting the 
air-fuel ratio feedback operation, or values that 
were established in accordance with other param- 
eters, for example in accordance with the values of 
engine speed Ne, air intake rate Q, the air intake 
pressure, the exhaust gas temperature, etc. The 
values for FAF1, TDR1 , TDL1 can also be cal- 
culated while air-fuel ratio feedback control is in 
progress, with the calculated values HDeing tem- 
porarily stored in the back-up RAM 106. In that 
way, improved performance can be obtained after 
engine restarting, etc. 

Fig. 12 is a timing diagram for the delay inter- 
vals TDR1 and TDL1 which are obtained in the flow 
chart of Figs. 10, 11. When the output voltage V 2 
from the downstream O2 sensor 18 changes as 
shown in Fig. 12(a), then as shown in Fig. 12(b), 
during each interval in which the air-fuel ratio is in 
the lean condition (i.e. V 2 £ V R2 ), the delay inter- 
vals TDR1 and TDL1 are both reduced, while dur- 
ing each interval in which the air-fuel ratio is in the 
rich condition, the delay intervals TDR1 and TDL1 
are both increased. TDR1 changes within the limits 
T R1 to T R2) while TDL1 changes within the limits 
T L1 to Tlz. 

Control of the fuel injection interval, i.e. fuel 
injection quantity, is executed as follows. Fig. 13 
shows a fuel injection calculation routine, which is 
executed each time a specific crank angle is 
reached, for example each time the crank angle 
has changed by 360°. In step 1501, the intake air 
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rate Q and the engine speed data Ne are read out 
from the 105x, and the basic fuel injection quantity 
TAUP is calculated. For example this can be cal- 
culated as: 
TAUP - K.Q'Ne, 

where K is a constant. In step 1502, the cooling 
water temperature data THW are read out from the 
105x, and the engine warm-up increase amount 
FWL is calculated by interpolation, using a 1 -di- 
mensional map that is stored in the ROM 104. In 
step 1503, the final fuel injection quantity TAU is 
calculated as: 

TAU - TAUP . FAF1 . (FWL + « ) + 0 

In the above, and are respective compensation 
values that are determined based on other engine 
operating parameters. 

Next in step 1504, the fuel injection quantity 
TAU is set into a down counter 108, and the flip- 
flop 109 is set, whereupon fuel injection is started. 
In step 1505, the routine is terminated. 

Calculation of amplitude and period of O2 sen- 
sor output signals is carried out as follows. 

Figs. 14, 15 show the routine that calculates 
values of O2 sensor output amplitude and period. 
This routine is executed periodically at intervals of 
4 ms. In steps 601 to 607, processing of the output 
from the upstream O2 sensor 16 is executed. In 
steps 618 to 625, processing of the output from the 
downstream O2 sensor 18 is executed. 

In step 601, the output V1 from the upstream 
O2 sensor 16 is subjected to analog/digital conver- 
sion, and in step 602 the value of Vi 0 which was 
obtained in the preceding execution of this routine 
(designated as V10) and the value V1 obtained in 
the current execution are compared. If Vi > V10, 
i.e. there has been an increase, then in step 603 a 
decision is made as to whether or not the flag F1 up 
is in the "0" state, whereas if Vi < V10 (i.e. there 
has been a reduction),then in step 609 a decision 
is made as to whether or not the flag F1up is "1". 
If it is found that the flag F1up is "1", then this 
indicates that the output voltage Vi from the up- 
stream 0 2 sensor 16 is increasing. Accordingly, if it 
is found in step 603 that F1up = w 0 n , then since 
this indicates that the output Vi from the upstream 
O2 sensor 16 has changed over from the decreas- 
ing to the increasing condition, while if it is found in 
step 603 that F1up = "1", then this indicates that 
the output Vi is continuing to increase. 

If it is found in step 609 that the flag Flup = 
"1*\then this signifies that the output voltage Vi 
has changed over from the increasing to the de- 
creasing state, while if it is found that Flup = "0", 
then this indicates that the output Vi is continuing 
to decrease. 

If the output voltage Vi from the upstream O2 
sensor 16 is found to be continuing to increase, 
then operation advances to step 608, in which the 



increase interval counter Clup is incremented by 
1 , while if the output Vi is found to be continuing to 
decrease, then operation advances to step 614 in 
which the decrease interval counter Cldn is incre- 

5 mented by 1 . 

In this way, as shown in Fig. 16, the increase 
interval counter Clup and the decrease interval 
counter Cldn are respectively incremented in ac- 
cordance with whether the output voltage Vi is 

10 increasing or decreasing. 

If the output voltage Vi from the upstream O2 
sensor 16 is found to have changed from the 
increasing to the decreasing condition (for example 
as occurs at the time points t2, t3, t4 in Fig. 16), 

75 then the steps 604 to 607 and 615, 616 are ex- 
ecuted. In step 604, an operation is executed on 
the decrease interval T1dn, of the form T1dn - 
Cldn. In step 605, the decrease interval counter 
Cldn is cleared, in step 606 a minimum value for 

20 Vt is established as V 1L ■ V 1o , and in step 607 the 
state of the flag F1up is inverted. In step 615, a 
new value for the period T1 of the output Vi from 
the upstream O2 sensor 16 is calculated as: 

25 T1 = T1dn + T1up 

In step 616, the amplitude Vi is calculated as: 

Vi = V 1H - V 1L 

30 

In the above, V 1H is calculated based on the 
maximum value of the output Vi from the upstream 
0 2 sensor 16. 

35 If on the other hand the output Vi from the 

upstream O2 sensor 16 has changed from the 
increasing to the decreasing condition (as occurs 
for example at the time points t1, t3, etc, in Fig. 16) 
then the steps 610 to 613, 615, 616 are executed. 

40 In step 610, the increase interval T1up is calculated 
as T1up = C1up. In step 611, the increase period 
counter C1up is cleared, in step 612 the maximum 
value of Vi is calculated as V 1H = V10, and in step 
613 the flag F1up is inverted. In step 615 the 

45 period T1 of the output Vi of the upstream O2 
sensor 16 is calculated, and in step 616 the am- 
plitude AV1 of Vi is calculated. 

Similarly, the period T2 and the amplitude AV2 
of the output V 2 from the downstream O2 sensor 

50 1 8 are respectively calculated by the flow of opera- 
tion in the steps 618 to 634. 

In step 635, the routine of Figs. 14, 15 is 
terminated. 

Judgment of the amplitude of output signal 
55 from the O2 sensor 18 is performed as follows. 

The routine shown in Fig. 17 is executed at 4 
ms intervals, with each execution following an ex- 
ecution of the O2 sensor amplitude and period 
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measurement routine of Figs. 14, 15. 

In step 100, a decision is made as to whether 
or not the amplitude AV2 of the output from the 
downstream O2 sensor 18 is greater than a thresh- 
old value of 0.7 V. If AV2 is found to be greater 
than 0.7 V, then step 102 is executed in which the 
counter C3 is cleared, followed by step 104 in 
which a failure detection flag FVA is reset. The 
counter C3 serves to measure a time for which the 
amplitude AV 2 of the output from the downstream 
0 2 sensor 18 continuously exceeds the 0.7 V val- 
ue, and when that measured time interval exceeds 
a predetermined value (in the present embodiment, 
4 seconds) the FVA flag is set to the T state, to 
indicate that failure has been detected. 

If it is judged in step 100 that the amplitude 
AV2 of the output from the downstream O2 sensor 
18 is greater than 0.7 V, then operation advances 
to step 106, in which the counter C3 is incre- 
mented by 1. In the next step 108, a decision is 
made as to whether or not the value of the counter 
C3 has exceeded 1,000. If the count value has not 
exceeded 1,000. then the failure detection flag FVA 
is set to w 0 n in step 914, whereas if the counter C3 
value exceeds 1,000 then in step 110 the failure 
detection flag FVA is set to "1". 

Control of catalyst deterioration detection is 
executed as follows. Fig. 18 shows a routine that is 
executed at intervals of 500 ms for detecting dete- 
rioration of the catalyst, i.e. judging the purification 
factor of the catalyst. 

In step 200, a decision is made as to whether 
or not the catalyst deterioration detection condi- 
tions are established. In this embodiment, the cata- 
lyst deterioration detection conditions are as fol- 
lows, all of which must be satisfied simultaneously: 

(1) The engine speed of rotation is within a 
predetermined range. 

(2) The engine load (as indicated by the air 
intake rate) is within a predetermined range. 

(3) The vehicle driving conditions are stable 

(4) Air/fuel ratio feedback control is being ex- 
ecuted. 

(5) The conditions (1) to (4) have all been estab- 
lished continuously for a predetermined interval 
(10 seconds). 

(6) A predetermined time interval (for example 
60 seconds) has elapsed since the last time that 
catalyst deterioration detection control was ex- 
ecuted. 

It it is found in step 200 that the catalyst 
deterioration detection conditions are not satisfied, 
then step 202 is executed, in which the delay 
operational quantity TD is set to 0, then in step 204 
the counter C4 is cleared to "0", and the failure 
detection flag FVA is also cleared to n 0 M . By set- 
ting the delay operational quantity TD to "0", the 
feedback period is set to the optimum period for 



normal engine control. In addition, by clearing the 
failure detection flag FVA to "0" if it is found in 
step 200 that a catalyst deterioration detection op- 
eration is not to be initiated, there is no danger of 
5 that flag becoming accidentaly set to the W 1 W state 
during normal engine control operation. 

If it is judged that the conditions for catalyst 
deterioration are established, in step 200, then op- 
eration advances to a step 2058 of obtaining the 

70 current value A| of air flow rate of the engine, then 
a step 2059 of reading out from a memory map 
stored in the ROM 104 an appropriate target value 
T T of period to which the feedback period is to be 
changed, ft is necessary to select the value of T T in 

75 accordance with the intake air flow rate, since as 
described hereinafter the appropriate target value 
will vary to some extent in accordance with the 
engine intake air flow rate. 

Operation the proceeds to steps 2060 to 2061 , 

20 in which an additional delay interval X is calculated, 
where X is the value to which TD is to be set in 
order to change the feedback period during a cata- 
lyst deterioration detection operation to a suitable 
value. First in step 2060, the current value of feed- 

25 back period T F is obtained. Specifically, that period 
has been measured immediately prior to execution 
of the routine of Fig. 18 and stored in memory, by 
a routine which measures the feedback period by 
by a counting operation. That can be done for 

30 example by measuring the interval which elapses 
between two successive points at which the F/B 
correction coefficient FAF1 shown in diagram (d) of 
Fig. 9 is changed (by the skip amount RS1) from 
the condition producing decrease of the fuel injec- 

35 tion quantity to the condition producing increase of 
that quantity. In step 2061, based on the relation- 
ship between that current feedback period T F and 
the target period T T which is of the form shown 
shown in Fig. 5 and is held in RAM 104 as a 

40 memory map, the required additional amount of 
delay time X, to which TD must be set in order to 
bring the feedback period to the target value T T , is 
calculated. The requisite additional delay interval X 
is calculated from the difference between T T and 

45 T F using the following equation: 

X = (Ty - Tp) x 1/a 



50 In the above, "a" is the slope of the char- 

acteristic that is shown in Fig 27. That characteris- 
tic has been established by the assignees of the 
present invention, as a result of experiments. In the 
next step 2062. the delay operational quantity TD 

55 is set to the value X that has been calculated. The 
rich/lean delay times which are applied to the out- 
put from the upstream O2 sensor 16 are thus 
increased by this new value of the delay oper- 
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ational quantity TD. as shown in diagram (c) of Fig. 
9, and air-fuel ratio feedback control that is ex- 
ecuted thereafter is based on the output signal 
from the upstream O2 sensor that has been de- 
layed by the amount TDL1 + TD and -TDR1 + 
TD t so that the feedback period will be changed to 
the target period T T . 

Next, in step 208, the counter C4 is incre- 
mented by one. then in step 210. a decision is 
made as to whether or not the count value of the 
counter C4 is greater than 6. If C4 > 6, i.e. if at 
least 3 seconds have elapsed since the value of 
TD was first changed in step 2062. then in step 
212 a decision is made as to whether or not 
catalyst deterioration has been detected, by deter- 
mining whether or not the failure detection flag FVA 
is in the "1" state. If FVA = "1", then that in- 
dicates catalyst failure, and operation then ad- 
vances to step 214, in which an command is sent 
to the alarm 19 to indicate that there is a catalyst 
failure, and a warning display is produced. 

It can be understood that each catalyst deterio- 
ration detection operation by the first embodiments 
is based on six successive executions of the rou- 
tine of Fig. 18. In the first execution, i.e. after it has 
been determined in step 200 that a detection op- 
eration is possible, the value of TD is changed 
from 0 to the calculated value X. THe counter C4 is 
then incremented (i.e. to a count of 1), and that 
execution of the routine is terminated. Thereafter, 
the engine is operated with delay times of -TDR1 
+ TD and TDL1 + TD used to derive the delayed 
air-fuel ratio signal A'FV shown in diagram (c) of 
Fig. 9. Hence, the feedback period is increased, to 
become the target period, as a result of the delay 
increase provided by TD. Thereafter, the routine of 
Fig. 18 is repeated four times in succession, but 
with substantially no action occurring in these ex- 
ecutions, assumng that there is no change in the 
target period (since NO decisions are reached in 
step 210). In the sixth execution, if the flag FVA 
has been set to 1 by the routine of Fig. 17 de- 
scribed hereinabove, a failure detection warning will 
be issued in step 214. The four executions of the 
routine of Fig. 18 which are executed between the 
first and fourth executions serve essentially provide 
a time delay, to ensure that the engine has been 
operating for a sufficient length to stabilize the 
feedback period at the target value T T , before fail- 
ure is judged on the basis of the amplitude of the 
output signal from the downstream O2 sensor 18. 

The principles whereby catalyst failure detec- 
tion is based on the output amplitude from the 
downstream O2 sensor 18, with the first embodi- 
ment described above, will be described referring 
to Fig. 20. This shows the relationship between the 
amplitude V2 of the output V2 from the downstream 
O2 sensor 18 and the catalyst purification factor, 



with the feedback frequency as a parameter, i.e. 
with the AV2 amplitude/purification factor charac- 
teristics corresponding to three different values of 
feedback period being shown. These are respec- 
5 tively a normal value of feedback period, a value 
which is significantly longer than the normal value 
(which can be assumed to be, for example, the 
aforementioned target value of feedback period 
which is used during a catalyst deterioration detec- 
70 tion operation), and a value which is significantly 
shorter than the normal period. As shown, for each 
specific value of feedback period, the lower be- 
comes the catalyst purification factor, the greater 
becomes the amplitude AV 2 . For a specific value 
75 of feedback period, when the purification factor 
becomes smaller than a certain value, the am- 
plitude AV 2 will become saturated, i.e. AV 2 cannot 
become greater than the saturation value (in this 
example, assumed to be 1 V). 

20 With the first embodiment of the invention de- 

scribed above, a certain minimum permissible val- 
ue of catalyst purification factor is predetermined, 
as a reference purification factor value. That might 
for example be the purification factor value F B 

25 shown in Fig. 20, assuming that the actual value of 
the catalyst purification factor is F A . The required 
value for the target feedback period T T is estab- 
lished as follows. Firstly, a threshold voltage value 
(in this example, 0.7 V) is selected. A value of 

30 feedback period is then determined, as a feedback 
period for which the output signal amplitude AV2 
from the downstream O2 sensor 18 will coincide 
with the threshold voltage when the purification 
factor is equal to the reference value. In the first 

35 embodiment described above, that target feedback 
period T T (which might be, for example, the feed- 
back period indicated as "long" in Fig. 20) is 
longer than the normal feedback. Thus, when the 
feedback period is changed to that target value T T , 

40 if the detected value of AV2 is found to be higher 
than that threshold value, the catalyst will be 
judged to have deteriorated excessively, i.e. a de- 
cision of catalyst failure will be reached. 

It can be understood that as a result of lower- 

45 ing the feedback period during the catalyst deterio- 
ration detection operation, the slope of the char- 
acteristic is made more steep, so that a greater 
accuracy is achieved of discriminating values of 
purification factor that are close to the reference 

50 value. 

It can also be understood that the value of 
target period must be determined based upon the 
particular value of reference purification factor that 
is to be used and upon the form of the amplitude A 
55 V2/purification factor characteristic, to ensure that 
the threshold voltage level does not become too 
close to the saturation value, while optimizing the 
discrimination conditions as far as possible (e.g. by 
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using a steeply sloping characteristic). 

In the above, it has been assumed that a single 
value of target feedback period will result in the 
amplitude AV1 reaching the threshold voltage level 
when the purification factor is equal to the refer- 
ence value. However in fact, that target feedback 
period valu* will vary to a certain extent in accor- 
dance with the air intake flow rate of the engine. 
For that reason, as described for step 2058 of Fig. 
18, appropriate values for the target feedback pe- 
riod T T at various different air flow rates are stored 
as a memory map in the ROM 104, so that a value 
of F T which provides maximum detection accuracy 
can be obtained and used in step 2061. 

The purification factor that is used as a refer- 
ence value will vary, depending upon the particular 
type of catalytic converter 15. 

In the above description, it has been assumed 
that the reference value of purification factor and 
the amplitude V2/purification factor characteristic 
are related in a similar manner to the purification 
factor value F B and the "normal feedback period" 
characteristic shown in Fig. 20. However it is possi- 
ble for example that these could be for example, 
the purification factor value F c and the "normal 
feedback period" characteristic of Fig. 20. In the 
case of such a relationship, it would be necessary 
to reduce the feedback period during a catalyst 
deterioration detection operation, in order to ensure 
that the threshold voltage will become an appro- 
priate value, such as 0.7 V, which is sufficiently 
lower than the saturation voltage level. Thus in that 
case, to set the feedback period to the target value, 
it would be necessary to reduce the amount of 
delay applied to the transitions of the output signal 
from the upstream O2 sensor 16, instead of in- 
creasing that delay, i.e. the delay operational quan- 
tity TD would be set to an appropriate negative 
value. 

A second embodiment of the invention will be 
described. With this embodiment, the feedback pe- 
riod is increased by successive small amounts, 
during catalyst deterioration detection, and detec- 
tion of the catalyst deterioration is based on the the 
feedback period at which the amplitude AV 2 of the 
output from the downstream O2 sensor 1 8 exceeds 
a threshold value (0.7 V). 

The overall configuration, method of air-fuel 
ratio feedback control, and method of calculation of 
O2 sensor output amplitude and period are each 
identical to those of the first embodiment described 
above. 

Judgement of the amplitude of output signal 
from the downstream O2 sensor 18 is executed in 
the same way as for the first embodiment, i.e. by 
the routine of Fig. 17. That is, if the amplitude AV1 
of the output from the downstream O2 sensor 18 
has continuously exceeded the predetermined 



threshold value (e.g. 0.7 V) for a predetermined 
time interval, then the failure detection flag FVA is 
set to "1 w . 

With this embodiment, control of catalyst dete- 
5 rioration detection is executed in accordance with 
the routine shown in Fig. 21, which is executed 
once in every 500 ms. 

In step 300, a decision is made as to whether 
or not the conditions for detection of catalyst dete- 
10 rioration are established. The catalyst deterioration 
detection conditions are the same as those de- 
scribed hereinabove for the first embodiment, i.e. 
the same as the judgment conditions of step 200 in 
Fig. 18. 

15 If it is found in step 300 that the catalyst 

deterioration detection conditions are not satisfied, 
then operation advances to step 312, in which the 
failure detection flag FVA is reset to 0, then in step 
314 the delay operational quantity TD is set to 0. 

2D That is to say, as for the case of the routine of Fig. 
18 described above, there is a possibility that the 
failure detection output will be set to n 1" even 
when normal air-fuel ratio control is in progress. In 
order to prevent that from occurring, during normal 

25 air-fuel ratio control the failure detection flag FVA is 
reset to "0". Moreover due to the fact that the 
delay operational quantity TD is reset to 0, the 
feedback period is set to the value that is optimum 
for normal air-fuel ratio control. 

30 If it is found in step 300 that the catalyst 

deterioration detection conditions are established, 
then operation advances to step 302, in which a 
decision is made as to whether or not the failure 
detection flag FVA is set to "1 If that flag is not 

35 set to "1". then operation advances to step 304, 
and 20 ms is added to the delay operational quan- 
tity TD, whereupon the routine execution is termi- 
nated. Thus with this processing, as described for 
the first embodiment, the feedback period is cor- 

40 rected in a direction such as to produce a length- 
ening of that period, as a result of subsequent 
executions of the routine shown in Figs. 7, 8. 
However in this embodiment, the feedback period 
is lengthened by a fixed small amount in each of 

45 successive executions of the routine shown in Fig. 
21, since TD is increased by only 20 ms in each 
execution. 

So long as it is judged in each execution of 
step 300 that the catalyst deterioration detection 

50 conditions are established, and the failure detection 
flag FVA is not set to "I", the steps 300, 302 and 
304 of the routine of Fig. 21 are repetitively ex- 
ecuted, once every 500 ms. As a result, the delay 
operational quantity TD is gradually increased, so 

55 that the feedback period is gradually increased. 
Due to this lengthening of the feedback period, the 
period V2 of the output from the downstream O2 
sensor 18 will at some point come to exceed the 
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threshold value of 0.7 V, so that the failure detec- 
tion flag FVA will then be set to "1 " by the routine 
shown in Fig. 17. 

When that condition is detected in step 302, in 
the routine of Fig. 21, operation advances to step 
306, in which a decision is made as to whether or 
not the output period T1 of the upstream O2 sensor 
16, which was detected by the routine of Figs. 14, 
15 (and which can be regarded as the feedback 
period) is less than 1,000 ms. If that period T1 is 
found to be greater than 1,000 ms, then the am- 
plitude of the output from the downstream O2 sen- 
sor 18 will reach the saturation level of 1 V even if 
there is a high level of purification factor of the 
catalyst, i.e. even if a failure condition does not 
exist. However with the routine of Fig. 21 that will 
not be erroneously judged as a failure condition, 
since if there is a "no" decision in step 306 opera- 
tion then operation advances to step 314, in which 
the delay operational quantity TD is reset to zero. 
Thus the feedback period is returned to the appro- 
priate value for normal air-fuel ratio control opera- 
tion. 

However if it is judged in step 306 that the 
period T1 of the output from the upstream O2 
sensor 16 is less than 1,000 ms, then operation 
advances to step 308, in which the purification 
factor X of the catalyst corresponding to that value 
of period T1 is obtained. The relationship between 
the feedback period and the output amplitude AV 2 
from the downstream O2 sensor 18 is shown in Fig. 
22, with the purification factor of the catalyst as a 
parameter. By using that characteristic, it becomes 
possible to measure the purification factor F of the 
catalyst, based on the specific feedback period at 
which the amplitude AV 2 of the output from the 
downstream O2 sensor 18 is found to exceed the 
threshold value, which in this example is 0.7 V. The 
relationship between values of feedback period and 
values of the purification factor F is stored before- 
hand, as a memory map, within the ROM 104. 

In the next step 310, the value of purification 
factor F that has thus been obtained is compared 
with a reference value purification factor F R . If the 
detected purification factor is less than the refer- 
ence purification factor, then operation advances to 
step 312 in which a failure designation command is 
sent to the alarm 19, to produce a warning indica- 
tion. If it is found in step 310 that the value of the 
purification factor F exceeds the reference purifica- 
tion factor F R , then operation advances to step 314 
in which the delay operational quantity TD is reset 
to "0", so that the feedback period is returned to 
the appropriate value for normal air-fuel ratio con- 
trol operation. 

In that way, with this embodiment, the feed- 
back period of the air-fuel ratio control is gradually 
increased, and the purification factor of the catalyst 



is obtained based on the feedback period at which 
the output amplitude AV2 from the downstream O2 
sensor 18 exceeds the threshold value (e.g. 0.7 V). 
With this embodiment, the period T1 of the 
5 output from the upstream O2 sensor 16 is detected 
to obtain the feedback period. However it would be 
equally possible to use the routine of Figs. 7, 8, 
whereby the feedback period is obtained by mea- 
suring the period between successive rising edges 
10 of the F/B correction coefficient FAF1. i.e. the pe- 
riod of time points at which step increases of the 
F/B correction coefficient FAF1 occur as a result of 
the skip quantity RS1 . 

A third embodiment of the invention will now 

75 be described. With this embodiment, as for the first 
embodiment described above, the air-fuel ratio 
feedback period is increased by a specific substan- 
tial amount, during a purification factor measure- 
ment operation, by comparison with the feedback 

20 period which occurs during normal emission con- 
trol. The phase difference between the output sig- 
nals from the upstream O2 sensor 16 and the 
downstream O2 sensor 18 is measured, and the 
purification factor of the catalyst is measured 

25 based on that phase difference. 

The overall configuration of apparatus is the 
same as for first embodiment, as is the method of 
air-fuel ratio feedback control. 

The method of calculation of phase difference 

30 between outputs from upstream and downstream 
0 2 sensors is as follows. Figs. 23, 24, 25 constitute 
a flow chart of a routine that is executed to detect 
the phase difference. This routine is executed at 
successive 4 ms intervals. The routine resembles 

35 the routine of the first embodiment, shown in Figs. 
14, 15, which is used for O2 sensor output am- 
plitude and period measurement However in the 
case of the third embodiment, the time points at 
which the minimum and maximum values of the 

40 output signal from the downstream O2 sensor 18 
are obtained are stored in memory, and the phase 
difference between the outputs from the 0 2 sen- 
sors 16 and 18 is calculated based on the times at 
which both of these output signals attain maximum 

45 and minimum values. 

In the flow chart of Figs. 23, 24, 25 the steps 
are numbered from 700. However the tens and 
units digits of each step number are identical to 
those of the corresponding step number in the flow 

50 chart of Figs. 14, 15. Only the points of difference 
between this routine and that of Figs. 14, 15 will be 
described in detail in the following. 

In steps 701 to 717, the time points P 1L and 
P 1H at which the output signal from the upstream 

55 O2 sensor 16 reaches minimum and maximum 
values respectively are obtained, and the period T1 
of the output signal from the O2 sensor 16 is 
calculated. In steps 718 to 734, the time points P 2 l 

17 



BNSDOCID: <EP 04751 77A2_L> 



33 



EP0 475 177 A2 



34 



and P 2H at which the output signal from the down- 
stream O2 sensor 18 reaches minimum and maxi- 
mum values respectively are obtained, and the 
period T2 of the output signal from the O2 sensor 
18 is calculated. 

At the time point when a "yes" decision is 
reached in step 703, as described for the routine of 
Figs. 14, 15, this indicates that the output signal 
from the upstream O2 sensor 16 changes from a 
decreasing to an increasing condition, i.e. this is a 
time point at which that output signal has reached 
a minimum value. Thus, in step 706, a time point 
T 1L corresponding to a minimum value is detected. 

Similarly, at a time point when a "yes" de- 
cision is reached in step 709, as described for the 
routine of Figs. 14, 15, this indicates that the output 
signal from the upstream 0 2 sensor 16 changes 
from the increasing to the decreasing condition, i.e. 
this time point corresponds to a maximum value of 
that output signal. Thus in step 712, a time point 
T 1H , corresponding to a maximum value, is de- 
tected. 

Detection of the time points at which the output 
signal from the downstream 0 2 sensor 18 reaches 
minimum and maximum values respectively is ex- 
ecuted in the same way. 

Specifically, if a "yes" decision is reached in 
step 720, then as described for the routine of Figs. 
14, 15, that is a time point at which the output 
signal from the downstream 0 2 sensor 18 changes 
from the decreasing to the increasing condition, i.e. 
corresponds to a minimum value of that output 
signal. Thus in step 723, a time point T 2L , cor- 
responding to a minimum value, is detected. 

Similarly, at a time point when a "yes" de- 
cision is reached in step 726, as described for the 
routine of Figs. 14, 15, this indicates that the output 
signal from the downstream 0 2 sensor 18 changes 
from the increasing to the decreasing condition, i.e. 
this time point corresponds to a maximum value of 
that output signal. Thus in step 729, a time point 
T 2H , corresponding to a maximum value, is de- 
tected. 

Next, operation advances to step 735 of Fig. 
25, in which the phase difference between the 
minimum value time points of the outputs from the 
0 2 sensors 16 and 18 is calculated, i.e. the mini- 
mum value phase difference AP L is calculated, 
using the following equation: 

AP U = 2tt(P 2L - P 1L KT1 

Next, in step 736, the the phase difference 
between the maximum value time points of the 
outputs from the 0 2 sensors 16 and 18 is cal- 
culated, i.e. the maximum value phase difference 
AP H is calculated, using the following equation: 



AP„ = 2tt(P 2H - P 1H )/T1 



5 In the next step, 737, the average value of the 

minimum phase difference AP L and the maximum 
phase difference AP H is calculated, as the average 
phase difference AP. 

Control of catalyst deterioration detection is as 

10 follows, with this embodiment. Fig. 26 shows a 
routine which is executed at periodic 500 ms inter- 
vals, for detecting catalyst deterioration, according 
to the third embodiment of the invention. 

In step 800, a decision is made as to whether 

75 or not the catalyst deterioration detection condi- 
tions are established. In this embodiment, the cata- 
lyst deterioration detection conditions are the same 
as for the first embodiment. 

If it is found in step 800 that the catalyst 

20 deterioration detection conditions are not satisfied, 
then step 802 is executed, in which the delay 
operational quantity TD is set to 0, then in step 804 
the counter C4 is cleared to "0". and the failure 
detection flag FVA is also cleared to "0". After the 

25 feedback period has been changed, judgement of 
catalyst failure is executed following a predeter- 
mined time interval. The counter C4 performs 
counting for determining when that predetermined 
time interval has elapsed. If it is found in step 800 

30 that the conditions for catalyst deterioration detec- 
tion are established, then in step 2058, the current 
value of air flow rate is obtained, and an appro- 
priate value of target feedback period T T is read 
out from RAM 104, as in steps 2058, 2059 of the 

35 routine of Fig. 18 described hereinabove. The suc- 
ceeding steps 3060, 3061 and 3062 are respec- 
tively identical to the steps 2060, 2061 and 2062 of 
the routine of Fig. 18, so that detailed description 
will be omitted. As for the routine of Fig. 18, a 

40 value X is obtained in step 2061, to which the 
delay operational quantity TD must be set in order 
to bring the feedback period to the target period 
T T , and TD is set to the value X in step 3062. As a 
result, during air-fuel ratio feedback control that is 

45 executed following that setting operation, the the 
rich delay interval -TDR1 and lean delay interval 
TDL1 (by which the output signal from the down- 
stream 0 2 sensor 18 is delayed, as shown in 
diagram (c) of Fig. 9) are each made longer by that 

50 amount TD. Hence, since the air-fuel ratio feedback 
control that is executed after the delay operational 
quantity TD has been set to the value X is based 
upon the delayed output signal from the upstream 
0 2 sensor 16, the feedback period will be brought 

55 to the target value T T during the catalyst deteriora- 
tion detection operation, in the same way as for the 
first embodiment described above. 

Next, in step 808, the counter C4 is incre- 
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merited by one, then in step 810 a decision is 
made as to whether or not the count value of the 
counter C4 is greater than 6. If C4 > 6, i.e. if 3 
seconds have elapsed since the air-fuel ratio feed- 
back period was changed by being increased, then 
in step 812 the purification factor F of the catalyst 
is obtained, based on the average phase difference 
AP which has been calculated in the routine of 
Figs. 23, 24, 25 as described above. The relation- 
ship between respective values for the the phase 
difference AP and the purification factor F is stored 
in the ROM 104, in the form of a memory map, so 
that in step 812 the purification factor value cor- 
responding to the phase difference AP is read out 
from ROM 104. Next, in step 814, a decision is 
made as to whether or not the purification factor F 
is greater than a reference value of purification 
factor F R . If F is greater than F R , then the routine 
execution is terminated. However if F is found to 
be smaller than F R| then in step 816, a command is 
sent to the alarm 19 to produce a warning indica- 
tion that failure of the catalytic converter 15 has 
occurred. 

. The relationship between the purification factor 
F and the phase difference between output signals 
from the upstream O2 sensor 16 and the down- 
stream O2 sensor 18 is shown in Fig. 27, with 
feedback period as a parameter. As shown, when 
the feedback period is short, it becomes impos- 
sible to judge the purification factor on the basis of 
the phase difference over a sufficiently wide range 
of values of purification factor. On the other hand, if 
the feedback period is made sufficiently long, the 
phase difference .AP varies in accordance with 
changes in the purification factor F over a suffi- 
ciently wide range, so that in that case the purifica- 
tion factor X can be accurately measured based on 
the phase difference AP. 

Even for the same type of catalytic converter 
15, the phase difference AP contains components 
(i.e. representing the response characteristic of that 
particular catalytic converter) which depend upon 
the specific constituents of that converter. Hence, it 
may be preferable to measure the purification fac- 
tor based on a relationship between values of pu- 
rification factor of the catalyst and amounts of 
deviation between values of phase difference AP 
that have been obtained under two different operat- 
ing conditions of the engine. 

Another embodiment of the invention will now 
be described. This is a modification of the third 
embodiment described above, so that detailed de- 
scription will be omitted. This embodiment differs 
from the third embodiment only in that the phase 
difference AP is obtained as a time difference 
between a transition of said output signal from the 
first O2 sensor between conditions indicating a rich 
air-fuel ratio and a lean air-fuel ratio respectively, 



and a corresponding transition of said output signal 
from the second O2 sensor. These time differences 
are illustrated in Fig. 28. Here, T RL designates a 
time difference between a point at which the F/B 

5 correction coefficient changes from a condition for 
producing an increased value of the fuel injection 
quantity to a condition for producing a decreased 
fuel injection quantity and a succeeding point at 
which the output signal from the downstream O2 

10 sensor changes from the rich to the lean indication 
condition. Similarly, T LR designates a time differ- 
ence between a point at which the F/B correction 
coefficient changes from a condition for producing 
a decreased value of the fuel injection quantity to a 

75 condition for producing an increased fuel injection 
quantity and a succeeding point at which the out- 
put signal from the downstream O2 sensor changes 
from the lean to the rich indication condition. Thus 
with this modification of the thirdembodiment, the 

20 phase difference AP can be obtained by measuring 
either of these time differences T LR or T RL . 

However since in general these values of time 
difference will not be mutually identical, a more 
accurate values of phase difference can be ob- 

25 tained by calculating AP as the average value of 
T LR and T RL , i.e. as: 

AP = (T RL + T LR )/2 

30 

With each of the embodiments of the invention 
described above, the feedback period during de- 
tection of catalyst deterioration is altered by chang- 
ing the rich and lean delay intervals -TDR1 , TDL1 

35 by which the output signal from the upstream O2 
sensor 16 is delayed to thereby obtain the delayed 
air-fuel ratio signal A/F1' as shown in Fig. 9. How- 
ever it would be equally possible to use a method 
whereby the skip quantity RS1 which is applied to 

40 the feedback correction coefficient is altered (i.e. 
the quantity which determines the magnitude of 
step changes in the F/B correction coefficient, from 
the lean to the rich condition or from the rich to the 
lean condition, as shown in Fig. 9) Alternatively, it 

45 would be possible to change the integration con- 
stant KI1, to change the feedback period. 

Moreover, with each of the embodiments de- 
scribed above, the feedback period during detec- 
tion of catalyst deterioration is made longer than 

so the feedback period during normal air-fuel ratio 
control. However, depending upon the particular 
method of measurement used, it may be necessary 
to shorten the feedback period during detection of 
catalyst deterioration, by comparison with the pe- 

55 riod which occurs during normal air-fuel ratio op- 
eration. 

It should also be noted that it would be possi- 
ble to use other methods of catalyst purification 
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factor measurement, and that various other modi- 
fications to the described embodiments may be 
envisaged, which fall within the scope claimed for 
the invention. 

Claims 

1. In an internal combustion engine having a 
catalytic converter (15) containing a catalyst 
disposed in an exhaust system of the engine, 
and first and second oxygen sensors (16, 18) 
respectively disposed upstream and down- 
stream from said catalyst within said exhaust 
system, said first and second oxygen sensors 
producing respective output signals, each sig- 
nal selectively indicating rich and lean air-fuel 
ratio conditions, a catalyst purification factor 
detection apparatus comprising: 

feedback correction means responsive to 
at least said output signal from said first oxy- 
gen sensor for obtaining successive values of 
a feedback correction coefficient which is ap- 
plied to control a fuel injection quantity of said 
internal combustion engine, said successive 
values changing periodically, with a feedback 
period, between a condition for producing an 
increase in said fuel injection quantity and a 
condition for producing a reduction of said fuel 
injection quantity; 

feedback correction coefficient control 
means functioning during an operation for 
judging a purification factor of said catalyst, for 
changing said feedback period to a different 
value from a feedback period which occurs 
during a normal air-fuel ratio control condition; 
and 

detection means for judging said purifica- 
tion factor, based at least on said output signal 
from said second oxygen sensor. 

2. A purification factor detection apparatus ac- 
cording to claim 1, comprising means for de- 
riving from said output signal from said first 
oxygen sensor a corresponding first air-fuel 
ratio signal (A/F1) which goes to first and sec- 
ond fixed levels in accordance with a rich and 
a lean air-fuel ratio respectively, means for 
deriving from said first air-fuel ratio signal a 
second air-fuel ratio signal (A/FV) wherein 
each transition between said first and second 
levels is delayed by a specific amount with 
respect to a corresponding transition of said 
first air-fuel ratio signal, with a period of al- 
ternation of said second air-fuel ratio signal 
defining said feedback period. 

3. A purification factor detection apparatus ac- 
cording to claim 2, comprising means for 



changing said amount of delay by a delay 
operational quantity (TD), for thereby imple- 
menting said changing of said feedback period 
to a different value during an operation of 
5 purification factor judgement. 

4. A purification factor detection apparatus ac- 
cording to claim 3, wherein said feedback pe- 
riod is changed to a predetermined target val- 

io ue, and wherein said feedback correction co- 

efficient control means comprises means for 
deriving a requisite value for said delay oper- 
ational quantity, including means for measuring 
a current value of said feedback period, means 

15 for calculating a frequency difference between 

said current value and said target value of 
feedback period, and means for deriving said 
value of additional amount of delay based on 
said frequency difference and a predetermined 

20 relationship between values of said feedback 

period and amounts of delay applied to said 
first air-fuel ratio signal for obtaining said sec- 
ond air-fuel ratio signal. 

25 5. A purification factor detection apparatus ac- 
cording to claim 4, wherein said target value of 
feedback period is selected to be longer than a 
value of feedback period which occurs during 
a normal emission control operating condition 

30 of said engine, and to be within a range of 

values of feedback period which do not result 
in a lowering of emission control quality. 

6. A purification factor detection apparatus ac- 
35 cording to claim 4, wherein said target value is 

determined based on a current rate of flow of 
intake air to said engine. 

7. A purification factor detection apparatus ac- 
40 cording to claim 1, wherein said feedback cor- 
rection coefficient control means functions to 
increase said feedback period to a predeter- 
mined target value during said operation for 
purification factor judgement, and wherein said 

45 detection means functions to detect whether 

an amplitude variation of said output signal 
from said second oxygen sensor reaches a 
predetermined threshold value. 

so 8. A purification factor detection apparatus ac- 
cording to claim 1, wherein said feedback cor- 
rection coefficient control means functions to 
increase said feedback period by successive 
specific small amounts during said operation 

55 for purification factor judgement, and wherein 

said detection means functions to detect a 
value of feedback period at which a variation 
amplitude of said output signal from said sec- 
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ond oxygen sensor reaches a predetermined 
threshold value, and to compare said feedback 
period value with a predetermined reference 
feedback period value. 

5 

9. A purification factor detection apparatus ac- 
cording to claim 1, wherein said feedback cor- 
rection coefficient control means functions to 
increase said feedback period to a predeter- 
mined target value of feedback period during io 
said operation for purification factor judgement, 

and wherein said detection means functions to 
measure a value of phase difference between 
said output signals from the first and second 
oxygen sensors, and to obtain a value of pu- 75 
rification factor of said catalyst from said phase 
difference value, based upon a predetermined 
relationship between respective values of said 
phase difference and purification factor at said 
target value of feedback period. 20 

10. A purification factor detection apparatus ac- 
cording to claim 9. wherein said phase dif- 
ference value is measured by said detection 
means as a time difference between a transi- 25 
tion between conditions of said output signal 
from the first oxygen sensor indicating a rich 
air-fuel ratio and a lean air-fuel ratio respec- 
tively, and a corresponding transition of said 
output signal from the second oxygen sensor. 30 

11. A purification factor detection apparatus ac- 
cording to claim 10, wherein said phase dif- 
ference value is measured as an average value 

of time interval (T RL + T LR )/2, where T RL is a 35 
time difference between a point at which said 
feedback correction coefficient changes from a 
condition for producing an increased value of 
said fuel injection quantity to a condition for 
producing a decreased value of said fuel injec- 40 
tion quantity to a point at which said output 
signal from the second oxygen sensor changes 
from a condition indicating a rich air-fuel ratio 
to a condition indicating a lean air-fuel ratio, 
and T LR is a time difference between a point at 45 
which said feedback correction coefficient 
changes from a condition for producing a de- 
creased value of said fuel injection quantity to 
a condition for producing an increased value of 
said fuel injection quantity and a point at which 50 
said output signal from the second oxygen 
sensor changes from a condition indicating a 
lean air-fuel ratio to a condition indicating a 
rich air-fuel ratio. 

55 

12. A catalyst purification factor detection appara- 
tus for an internal combustion engine, compris- 
ing: 
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a catalytic converter (15) containing a cata- 
lyst, disposed in an exhaust system of said 
internal combustion engine, and first and sec- 
ond oxygen sensors (16, 18) respectively dis- 
posed upstream and downstream from said 
catalyst within said exhaust system, said first 
and second oxygen sensors producing respec- 
tive output signals, each signal selectively in- 
dicating rich and lean air-fuel ratio conditions; 

feedback correction means responsive to 
at least said output signal from said first oxy- 
gen sensor for obtaining successive values of 
a feedback correction coefficient which is ap- 
plied to control a fuel injection quantity of said 
internal combustion engine, transitions of said 
values occurring periodically, with a feedback 
period, between a condition for producing an 
increase in said fuel injection quantity and a 
condition for producing a reduction of said fuel 
injection quantity, said correction means in- 
cluding means for delaying said transitions by 
a specific amount with respect to correspond- 
ing transitions of said output signal from the 
first oxygen sensor between said rich and lean 
indication conditions; 

feedback correction coefficient control 
means functioning during an operation for 
judging a purification factor of said catalyst, for 
changing said feedback period from a value of 
feedback period which occurs during a normal 
emission control condition to a target feedback 
period (T T ), by changing said delay amount by 
a delay operational quantity (TD); and 

detection means for judging said purifica- 
tion factor, based at least on said output signal 
from said second oxygen sensor. 

13. A catalyst purification factor detection appara- 
tus according to claim 12, wherein said correc- 
tion means includes means for measuring a 
current value of said feedback period, means 
for computing an amount of difference be- 
tween said target feedback period and said 
current feedback period, and means for obtain- 
ing an appropriate value for said delay oper- 
ational quantity (TD) based on said difference 
and upon a known relationship between values 
of delay applied to said transitions of the out- 
put signal from the first oxygen sensor and 
corresponding values of feedback period. 

14. A catalyst purification factor detection appara- 
tus according to claim 1, wherein said feed- 
back correction means includes means for ex- 
ecuting each of said periodic changes of said 
feedback correction coefficient as a stepwise 
change in accordance with a predetermined 
fixed skip quantity (RS1). 
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15. A catalyst purification factor detection appara- 
tus for an internal combustion engine, compris- 
ing: 

a catalytic converter (15) containing a cata- 
lyst, disposed in an exhaust system of said 5 
internal combustion engine, and first and sec- 
ond oxygen sensors (16, 18) respectively dis- 
posed upstream and downstream from said 
catalyst within said exhaust system, said first 
and second oxygen sensors producing respec- iq 
tive output signals, each signal selectively in- 
dicating rich and lean air-fuel ratio conditions; 

feedback correction means responsive to 
at least said output signal from said first oxy- 
gen sensor for obtaining successive values of 15 
a feedback correction coefficient which is ap- 
plied to control a fuel injection quantity of said 
internal combustion engine, transitions of said 
values occurring periodically, with a feedback 
period, between a condition for producing an 20 
increase in said fuel injection quantity and a 
condition for producing a reduction of said fuel 
injection quantity, said correction means in- 
cluding means for delaying said transitions by 
a specific amount with respect to correspond- 25 
ing transitions of said output signal from the 
first oxygen sensor between said rich and lean 
indication conditions; 

feedback correction coefficient control 
means functioning during an operation for 30 
judging a purification factor of said catalyst, for 
increasing said feedback period from a value 
of feedback period which occurs during a nor- 
mal emission control condition to a target feed- 
back period (T T ), by changing said delay 35 
amount by a predetermined delay operational 
quantity (TD) that is determined based on a 
difference between said target feedback period 
and a current value of feedback period; and 

detection means for measuring a value of 40 
phase difference between said output signals 
from the first and second oxygen sensors, for 
obtaining a value of purification factor of said 
catalyst from said phase difference value, 
based upon a predetermined relationship be- 45 
tween respective values of said phase differ- 
ence and purification factor at said target value 
of feedback period, and for comparing said 
obtained value of purification factor with a ref- 
erence value of purification factor. 50 

16. In an internal combustion engine having a 
catalytic converter containing a catalyst dis- 
posed in an exhaust system of the engine, a 

first oxygen sensor and a second oxygen sen- 55 
sor disposed in said exhaust system respec- 
tively upstream and downstream from said 
catalyst, and means for executing negative 



feedback control of an air-fuel ratio of said 
engine based upon at least an output signal 
produced from said first oxygen sensor by 
deriving successive values of a feedback cor- 
rection coefficient which is applied to control a 
fuel injection quantity of said engine, said val- 
ues varying periodically with a feedback period 
between a condition for increasing said fuel 
injection quantity and a condition for decreas- 
ing said fuel injection quantity, a method of 
detecting a purification factor of said catalyst, 
comprising steps of: 

changing said feedback period to a value 
that is different from a feedback period which 
occurs during a normal air-fuel ratio control 
mode of operation; and 

detecting said purification factor, on the 
basis of a condition of at least an output signal 
produced from said second oxygen sensor. 

17. A purification factor detection method accord- 
ing to claim 16, wherein said transitions of the 
feedback correction coefficient are determined 
at time points which are delayed by a specific 
amount with respect to corresponding transi- 
tions of said output signal from the first oxygen 
sensor between a first condition that indicates 
a rich air-fuel ratio and a second condition that 
indicates a lean air-fuel ratio, and in which said 
step of changing the feedback period is ex- 
ecuted by changing said delay amount by a 
specific delay operational quantity (TD). 

18. A purification factor detection method accord- 
ing to claim 17, in which said change in the 
delay amount consists of a single step change, 
for setting the feedback period to a target 
value. 

19. A purification factor detection method accord- 
ing to claim 18, in which said step of detecting 
the purification factor is implemented by com- 
paring a value of output signal amplitude from 
said second oxygen sensor with a predeter- 
mined thereshold value, after said feedback 
period has been changed to said target value. 

20. A purification factor detection method accord- 
ing to claim 18, in which said step of detecting 
the purification factor is implemented ,after 
said feedback period has been changed to 
said target value, by: 

measuring an amount of phase difference 
between said output signals from the first and 
second oxygen sensors; 

obtaining a value of purification factor of 
said catalyst from said phase difference value, 
based upon said phase difference and a pre- 
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determined relationship between respective 
values of said phase difference and purification 
factor at said target value of feedback period; 
and 

comparing said obtained value of purifica- s 
tion factor with a reference value of purification 
factor. 

21. A purification factor detection method accord- 
ing to claim 20, in which said step of measur- io 
ing an amount of phase difference is imple- 
mented by measuring a time difference be- 
tween a transition of said output signal from 
the first oxygen sensor, between conditions 
indicating a rich air-fuel ratio and a lean air-fuel 
ratio respectively, and a corresponding transi- 
tion of said output signal from the second 
oxygen sensor. 

22. A purification factor detection method accord- 20 
ing to claim 20, in which said step of measur- 
ing an amount of phase difference is imple- 
mented by measuring an average value of time 
interval (T RL + T L r)/2, where T RL is a time 
difference between a point at which said feed- 25 
back correction coefficient changes from a 
condition for producing an increased value of 

said fuel injection quantity to a condition for 
producing a decreased value of said fuel injec- 
tion quantity to a point at which said output 30 
signal from the second oxygen sensor changes 
from a condition indicating a rich air-fuel ratio 
to a condition indicating a lean air-fuel ratio, 
and T LR is a time difference between a point at 
which said feedback correction coefficient 35 
changes from a condition for producing a de- 
creased value of said fuel injection quantity to 
a condition for producing an increased value of 
said fuel injection quantity and a point at which 
said output signal from the second oxygen 40 
sensor changes from a condition indicating a 
lean air-fuel ratio to a condition indicating a 
rich air-fuel ratio. 



tions of the output signal from the first oxygen 
sensor and corresponding values of feedback 
period. 

24. A purification factor detection method accord- 
ing to claim 18, in which said target value is 
selected to be within a range of values of 
feedback period for which no substantial dete- 
rioration of a quality of emission control by 
said catalyst will occur. 



25. A purification factor detection method accord- 
ing to claim 18, in which said target value is 
determined in accordance with an intake air 
75 flow rate of said engine. 



26. A purification factor detection method accord- 
ing to claim 17, in which said change in the 
delay amount consists of successive small 
step increments, which are executed until said 
output signal from the second oxygen sensor 
reaches a predetermined threshold value of 
amplitude. 



23. A purification factor detection method accord- 45 
ing to claim 18, in which the value of said 
delay operational quantity (TD), for achieving 
said target value, is established by steps of: 

during normal air-fuel ratio control opera- 
tion, measuring a current value of said feed- so 
back period; 

calculating an amount of difference be- 
tween said target value and said current value 
of feedback period; 

obtaining an appropriate value for said de- 55 
lay operational quantity (TD) based on said 
difference and upon a known relationship be- 
tween values of delay applied to said transi- 
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